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G|qdplf Prgholqj dqg Vwuxfwxudo Vkliw=
Prqhwdu| Wudqvplvvlrq Phfkdqlvpv lq Lwdo|
ehiruh dqg diwhu HPV1
Ndwdulqd Mxvholxv dqg Hohqd Jhqqdul
Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq
dqg
Hfrqrplfv Ghsduwphqw/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh/
Dsulo 47/ 4<<<
Devwudfw
Wkh irfxv lv rq qrplqdo wudqvplvvlrq phfkdqlvpv lq Lwdo| zlwk vshfldo
uhihuhqfh wr prqhwdu| hhfwv dqg krz wkh| kdyh fkdqjhg zlwk wkh lqfuhdvhg
hfrqrplf lqwhjudwlrq lq Hxursh dqg wkh lqfuhdvhg lqghshqghqfh ri Lwdoldq
Fhqwudo Edqn1 Wkh hpslulfdo prgho lqyhvwljdwhv wkh g|qdplf ghwhuplqdwlrq
ri prqh|/ lqfrph/ sulfhv/ dqg lqwhuhvw udwhv edvhg rq wkh frlqwhjudwhg Y DU
prgho1 Wkh fkrlfh ri sulfh phdvxuhphqwv dqg lwv frqvhtxhqfhv iru wkh
hpslulfdo uhvxowv duh jlyhq vshfldo dwwhqwlrq1 Wkh hpslulfdo uhvxowv surylgh
hpslulfdo uhvxowv rq wkh pdfurhfrqrplf hhfwv ri mrlqlqj wkh HUP dqg ri
fdslwdo ghuhjxodwlrq1
Nh|zrugv= L+5, Dqdo|vlv/ Uhjlph Vkliw/ Sulfh Krprjhqhlw|/ Prqh| Gh0
pdqg/ LV  OP / Prqhwdu| Srolf|1
41 Lqwurgxfwlrq
Wkh irfxv ri wklv sdshu lv rq qrplqdo wudqvplvvlrq phfkdqlvpv lq Lwdo| zlwk vsh0
fldo dwwhqwlrq wr prqhwdu| hhfwv dqg krz wkh| kdyh fkdqjhg zlwk wkh lqfuhdvhg
hfrqrplf lqwhjudwlrq lq Hxursh1 Lwdo| lv sduwlfxoduo| lqwhuhvwlqj lq wklv uhvshfw
ehfdxvh wkh fhqwudo edqn ehfdph pruh lqghshqghqw ri wkh Wuhdvxu| lq 4<;4 zlwk
d wudqvlwlrq shulrg ri d ihz |hduv1 Wkh jhqhudo wkhph lv vlplodu wr Mxvholxv +4<<;d,
zkhuh prqhwdu| wudqvplvvlrq phfkdqlvpv lq Jhupdq|/ Ghqpdun/ dqg Lwdo| zhuh
frpsduhg wr xqfryhu vlplodulwlhv dqg glvvlplodulwlhv lq wkh ixqfwlrqlqj ri prqhwdu|
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Iljxuh 414= Prqh| yhorflw|/ FSL lq dwlrq/ dqg lqwhuhvw udwhv
srolf| ehwzhhq frxqwulhv dqg uhjlphv1 Wklv sdshu dgguhvvhv wkh phdvxuhphqw
sureohp dqg suhvhqwv d ghwdlohg dqdo|vlv ri qrplqdo prqh| dqg lwv uhodwlrq wr
sulfhv dqg uhdo lqfrph1 Lw jlyhv wkh edfnjurxqg dqg udwlrqdoh iru wkh uhdo prqh|
dqdo|vlv lq Mxvholxv +4<<;d, dqg lv frpsohphqwdu| lq wkh vhqvh wkdw wkh uhvxowv
uhsruwhg lq Mxvholxv +4<<;d, duh uhihuhqfhg wr exw qrw uhshdwhg1
Dv dsshduv iurp wkh judsklfdo slfwxuh +surgxfhg e| JlyhZlq/ Grruqln dqg
Khqgu|/ 4<<;, ri prqh| yhorflw| lq Iljxuh 414 wkh vdpsoh shulrg vhhpv wr fryhu
wzr wudqvlwlrq shulrgv1 Wkh uvw lv iurp wkh suhylrxv Euhwwrq Zrrgv v|vwhp ri
shjjhg h{fkdqjh udwhv wr wkh pruh  h{leoh v|vwhp ri wkh vhyhqwlhv/ wkh rwkhu lv
iurp 4<:< wr 4<;61 Wkh odwwhu frlqflghv zlwk wkh uvw iuhtxhqw uhdoljqphqwv skdvh
ri wkh .- dqg zlwk wkh lqfuhdvhg lqghshqghqfh ri wkh Lwdoldq fhqwudo edqn
iurp wkh Wuhdvxu|1 Lq wklv vhqvh wkh vdpsoh rhuv wkh srvvlelolw| wr lqyhvwljdwh
erwk wkh hhfw ri lqfuhdvhg hfrqrplf Hxurshdq lqwhjudwlrq dqg lqfuhdvhg fhqwudo
edqn lqghshqghqfh1 Lw dsshduv iurp Ilj 4141 wkdw wkh vwurqj prqh| yhorflw|
jurzwk lq wkh uvw wudqvlwlrq shulrg/ 4<:40:7/ fdqqrw eh h{sodlqhg e| fkdqjhv lq
wkh rssruwxqlw| frvw ri kroglqj prqh| dv phdvxuhg e| wkh lqwhuhvw udwh vsuhdg
5dqg lq dwlrq1 Lqfoxglqj wkhvh |hduv fdxvhg sdudphwhu lqvwdelolw| dqg wkh| zhuh/
wkhuhiruh/ rplwwhg iurp wkh hpslulfdo dqdo|vlv1
Jhqqdul +4<<;, hvwlpdwhg wkh ghpdqg iru prqh| e| prghoolqj wkh wudqvlwlrq
iurp rqh uhjlph wr wkh qh{w xvlqj d orjlvwlf vprrwk wudqvlwlrq ixqfwlrq1 Krz0
hyhu/ Mxvholxv +4<<;d, glvfryhuhg fkdqjhv lq wkh frlqwhjudwlrq surshuwlhv dqg/ lq
sduwlfxodu/ lq wkh g|qdplf dgmxvwphqw frh!flhqwv dw durxqg 4<;404<;61 Wklv zdv
wkh prwlydwlrq iru vsolwwlqj wkh vdpsoh lqwr wzr vxe0vdpsohv ghvfulelqj glhuhqw
uhjlphv zlwk glhuhqw g|qdplf wudqvplvvlrq phfkdqlvpv1
Pdq| suhylrxv vwxglhv kdyh ghprqvwudwhg vxevwdqwldo gl!fxowlhv qglqj dq
hpslulfdoo| vwdeoh txduwhuo| prqh| ghpdqg uhodwlrq iru Lwdo| +Edjoldqr dqg Idyhur/
4<<5/ Dqjholql hw do1/ 4<<7,1 Frqvlghulqj wkh wudqvlwlrq hhfwv dqg fkdqjhv lq
prqhwdu| wudqvplvvlrq phfkdqlvpv lq wklv shulrg/ wklv pd| qrw vhhp vxusulvlqj1
Lq dqwlflsdwlrq ri wkh hfrqrphwulf gl!fxowlhv zh vwduwhg iurp d jhqhudo prgho
vshflfdwlrq edvhg rq qrplqdo prqh| dqg sulfhv1 Wklv prgho/ zklfk zdv hp0
slulfdoo| irxqg wr eh UE2c surylghg d qdwxudo iudphzrun iru whvwlqj sulfh krpr0
jhqhlw| k|srwkhvhv1 Ehfdxvh ryhudoo sulfh krprjhqhlw| zdv vwurqjo| uhmhfwhg lq
erwk shulrgv/ wkh qrplqdo prqh| prgho zdv dqdo|}hg lq pruh ghwdlo wr jhw dq
xqghuvwdqglqj iru wkh hfrqrphwulf frqvhtxhqfhv ri wklv sureohp1 Wr lqyhvwljdwh
zkhwkhu wklv sureohp frxog eh uhodwhg wr wkh fkrlfh ri sulfh phdvxuhphqw/ zh
shuiruphg d vhqvlwlylw| dqdo|vlv edvhg rq wzr glhuhqw sulfh lqglfhv1 Wkh dqdo|vlv
vkrzhg wkdw wkh fkrlfh pdwwhuhg iru wkh frlqwhjudwlrq uhvxowv/ exw dovr wkdw wkh
pdlq sureohp ri qr ryhudoo sulfh krprjhqhlw| uhpdlqhg xqvroyhg1
Erwk hfrqrphwulfdoo| dqg hfrqrplfdoo| wkh dqdo|vlv ri wkh Lwdoldq gdwd lv d
pdmru fkdoohqjh= odfn ri sulfh krprjhqhlw|> pdq| wudqvlwlrq shulrgv> phdvxuh0
phqw sureohpv> gl!fxow lghqwlfdwlrq uhvwulfwlrqv1 Zh kdyh dgrswhg wkh T -
phwkrgrorj| wr dgguhvv wkhvh sureohpv dv h!flhqwo| dv srvvleoh1 Iru lqvwdqfh/ e|
h{sorlwlqj wkh ulfk vwuxfwxuh ri wkh UE2 prgho/ zh zhuh deoh wr xqfryhu sureohpv
uhodwhg wr wkh devhqfh ri orqj0uxq sulfh krprjhqhlw| dqg wr vxjjhvw dq dffhswdeoh
wudqvirupdwlrq wr wkh vxevhtxhqw UE prgho lq uhdo whupv1 E| h{sorlwlqj wkh
frlqwhjudwlrq surshuwlhv zh zhuh deoh wr fkrrvh ehwzhhq glhuhqw phdvxuhphqwv
dqg qg wkrvh k|srwkhwlfdo uhodwlrqv iru zklfk wkhuh zhuh hpslulfdo vxssruw1
Xvlqj wkh ydulrxv whvw surfhgxuhv zlwklq wkh UEprgho zh zhuh deoh wr rewdlq
hpslulfdo uhvxowv ghprqvwudwlqj krz wkh prqhwdu| wudqvplvvlrq phfkdqlvp kdv
fkdqjhg ryhu wkh vdpsoh shulrg1 Lq sduwlfxodu/ zh zhuh deoh wr srlqw rxw krz
wkh ixqfwlrqlqj ri wkh grphvwlf prqh| pdunhw kdv ehhq dhfwhg e| wkh lqfuhdvhg
hfrqrplf lqwhjudwlrq zlwklq Hxursh dqg e| wkh lqfuhdvhg lqghshqghqfh ri wkh
Lwdoldq Fhqwudo Edqn1
Wkh rujdql}dwlrq lv dv iroorzv= Vhfwlrq 5 glvfxvvhv Lwdoldq lqvwlwxwlrqv/ uhirupv
dqg lqwhuyhqwlrqv lq vrph ghwdlo1 Vhfwlrq 6 glvfxvvhv wkh hfrqrplf prgho dqg
lw uhodwhv wr wkh hpslulfdo wlph0vhulhv surshuwlhv ri wkh dydlodeoh gdwd1 Vhfwlrq 7
6ghqhv wkh vwdwlvwlfdo dqg wkh hpslulfdo prghov wr eh xvhg lq wkh dqdo|vlv1 Vhf0
wlrq 8 uhsruwv dq UE2 dqdo|vlv ri dowhuqdwlyh sulfh lqglfhv1 Vhfwlrq 9 lqyhvwljdwhv
glhuhqw dvshfwv ri orqj0uxq sulfh krprjhqhlw| iru hdfk ri wkh wzr sulfh lqglfhv
xvlqj wkh UE2 prgho1 Vhfwlrq : xvhv frlqwhjudwlrq whvwv dv d uvw vwhs wr hpslu0
lfdoo| lghqwli| uhodwlrqv lq wkh gdwd zklfk duh vxssrvhg wr ghvfuleh dq djjuhjdwh
prqh| uhodwlrq/ d uhdo lqfrph uhodwlrq/ dqg d uhodwlrq ehwzhhq lq dwlrq dqg wkh
vkruw0whup dqg orqj0whup lqwhuhvw udwh1 Vhfwlrq ; uhsruwv d ixoo| lghqwlhg orqj0
uxq vwuxfwxuh iru hdfk shulrg dqg Vhfwlrq < vxppdul}hv wkh pdmru glhuhqfhv lq
wkh prqhwdu| wudqvplvvlrq phfkdqlvpv ehwzhhq wkh wzr shulrgv1
51 Lqvwlwxwlrqdo edfnjurxqg
Lwdoldq prqh| pdunhw kdv h{shulhqfhg ixqgdphqwdo fkdqjhv ryhu wkh suhvhqw vdp0
soh shulrg1 Wkhvh lqyroyh wkh lqvwuxphqwv xvhg lq wkh prqhwdu| srolf|/ wkh uh0
odwlrqvkls ehwzhhq wkh fhqwudo edqn/ wkh jryhuqphqw/ wkh ghew pdqdjhphqw dqg
wkh pruh jhqhudo hfrqrplf hqylurqphqw zkhuh wkh prqh| pdunhw lv rshudwlqj1
Lq 4<:6/ wkh Edqn ri Lwdo| lqwurgxfhg fuhglw fhlolqjv dqg d vhfxulw| lqyhvwphqw
frqvwudlqw iru sulydwh edqnv1 Dowkrxjk erwk lqvwuxphqwv zhuh vxevhtxhqwo| prgl0
hg lq ydulrxv zd|v/ wkh| zhuh qhyhuwkhohvv sduwo| lq xvh xqwlo dssur{lpdwho| 4<;9
+vhh Eroohwwlqr Vwdwlvwlfr ghood Edqfd g*Lwdold/ 4<:<04<;:,1 Vlqfh wkhq/ c111Lwdoldq
prqhwdu| srolf| kdv uholhg pdlqo| rq clqgluhfw* lqvwuxphqwv= lqwhuyhqwlrq lq wkh
sulpdu| dqg vhfrqgdu| pdunhwv iru Wuhdvxu| sdshu/ iruhljq h{fkdqjh rshudwlrqv/
frpphufldo edqn qdqflqj dqg glvfrxqw udwh fkdqjhv111* +vhh Dqjhorql/ 4<<7/
s16;;,1
Lq wkh uvw ihz |hduv diwhu wkh eluwk ri wkh .- lq 4<:< Lwdo| pdlqwdlqhg
pdq| uhvwulfwlrqv rq fuhglw dqg fdslwdo prelolw| dqg wkh fhqwudo edqn zdv wkxv
deoh wr sxuvxh d prqhwdu| srolf| zlwkrxw kdylqj wr frqvlghu vkruw uxq hhfwv
lq wkh h{fkdqjh udwh pdunhw1 Rqo| lq wkh plg ;3*v/ zlwk wkh judgxdo oliwlqj ri
fuhglw dqg fdslwdo uhvwulfwlrqv/ wkh prqhwdu| srolf| ehfdph pruh ghshqghqw rq
wkh h{fkdqjh udwh pdunhw +vhh Dqjhorql/ 4<<7/ Vduflqhool/ 4<<8,1
Wkh vr0fdoohg cglyrufh* lq Mxo| 4<;4 ehwzhhq wkh fhqwudo edqn dqg wkh Wuhdvxu|
fdq eh frqvlghuhg wkh prvw ixqgdphqwdo fkdqjh lq wkh prqh| pdunhw gxulqj wkh
vdpsoh shulrg1 Zlwk wklv djuhhphqw wkh Edqn ri Lwdo| zdv qr orqjhu reoljhg wr
dfw dv d uhvlgxdo ex|hu lq wkh dxfwlrqv ri Wuhdvxu| Eloov dqg wkh ryhugudiw rq wkh
Wuhdvxu|*v dffrxqw zdv vhw dw d pd{lpxp ri 47( ri Wuhdvxu|*v wrwdo dqwlflsdwhg
h{shqglwxuhv1 Wr dyrlg wkh ulvn ri h{fhvvlyh prqhwl}dwlrq ri wkh sxeolf ghew/ wkh
Edqn ri Lwdo|/ krzhyhu/ frqwlqxhg iru d frxsoh ri |hduv pruh wr jxdudqwhh d ixoo
vxevfulswlrq ri Wuhdvxu| eloov lq wkh dxfwlrqv1 Rqo| lq 4<;6 lw dsshduhg iru wkh
uvw wlph dv d qhw vhoohu +vhh Sdvvdfdqwdqgr/ 4<<9,1
Wkh lqghshqghqfh ri wkh fhqwudo edqn iurp wkh Wuhdvxu| zdv qdoo| hqirufhg lq
74<<50<6 e| wzr lpsruwdqw odzv= lq Iheuxdu| 4<<5 wkh jryhuqru ri wkh fhqwudo edqn
zdv dvvljqhg wkh uljkw wr vhw wkh glvfrxqw udwh dqg wkh edvh udwh rq fxuuhqw dffrxqw
dqg {hg0whup dgydqfhv> lq Qryhpehu 4<<6 wkh ryhugudiw idflolw| ri wkh Wuhdvxu|
zlwk wkh Edqn ri Lwdo| zdv vxssuhvvhg dqg wkh rxwvwdqglqj fuhglw frqyhuwhg lqwr
erqgv1
Lq wkh vhyhqwlhv dqg wkh hljkwlhv wkh Lwdoldq hfrqrp| h{shulhqfhg wkuhh pdmru
sureohpv= kljk lq dwlrq/ lqvwdelolw| ri wkh h{fkdqjh udwh dqg/ lq wkh vhfrqg sduw ri
wkh shulrg/ d odujh sxeolf ghflw1 Lq dwlrq zdv ulvlqj doo wkurxjk wkh vhyhqwlhv dqg
uhdfkhg d pd{lpxp ri 55( diwhu wkh vhfrqg rlo vkrfn lq 4<:<1 Dw wkh ehjlqqlqj
ri wkh hljkwlhv lq dwlrq vwduwhg idoolqj dqg lq 4<;: lw zdv eduho| deryh 7(1
Wkh |hduv suhfhglqj wkh hqwudqfh ri Lwdo| lq wkh .- lq 4<:< zhuh fkdu0
dfwhul}hg e| iuhtxhqw ghydoxdwlrqv iroorzhg lq wkh shulrg 4<:<0;9 e| iuhtxhqw
uhdoljqphqwv ri wkh .- sdulw| 1 Wkhvh glg qrw ixoo| rvhw wkh jurzwk ri sulfhv
vr wkdw wkh uhdo h{fkdqjh udwh dssuhfldwhg1 Iurp 4<;: wr 4<<4 Lwdoldq olud zdv
txlwh vwdeoh dqg lq 4<<3 Lwdo| dgrswhg wkh qduurz edqgv +5158(, ri wkh .- 1
Krzhyhu/ wkh sxeolf vhfwru ghflw juhz doo wrr idvw lq wklv shulrg dqg wkh qhhg wr
qdqfh jryhuqphqw h{shqglwxuhv/ frpelqhg zlwk wkh qhhg wr ghihqg wkh h{fkdqjh
udwh sdulw|/ sxvkhg xs wkh ohyho ri wkh lqwhuhvw udwh1 Lq 4<<30<4 lq dwlrq vwduwhg
djdlq wr ulvh zlwk d frqvhtxhqw dssuhfldwlrq ri wkh uhdo h{fkdqjh udwh1 Wkh suhv0
vxuh rq wkh lqwhuhvw udwhv ehfdph judgxdoo| xqpdqdjhdeoh dqg/ lq Vhswhpehu 4<<5
vshfxodwlyh dwwdfnv irufhg Lwdoldq olud rxw ri wkh .- +vhh Edogdvvduul/ 4<<7,1
Lq wkh shulrg iroorzlqj wkh ghydoxdwlrq Lwdo| h{shulhqfhg dq lpsuryhphqw lq
wkh whupv ri wudgh/ d uhgxfwlrq lq wkh sxeolf ghflw dqg lq lq dwlrq exw kljk
xqhpsor|phqw udwhv1
61 Wkhruhwlfdo dqg hpslulfdo prgho surshuwlhv
Wkh klvwrulfdo ryhuylhz vxjjhvwv vhyhudo uhjlph fkdqjhv ri zklfk wkh prvw lp0
sruwdqw duh wkh fkdqjh lq fhqwudo edqn lqghshqghqfh dqg wkh fkdqjh ri h{fkdqjh
udwh uhjlph1 D sulrul rqh zrxog h{shfw prqhwdu| wudqvplvvlrq phfkdqlvpv wr eh
vwurqjo| lq xhqfhg e| wkhvh fkdqjhv1
6141 Phwkrgrorjlfdo frqvlghudwlrqv
Wkh sxusrvh lv wr vwxg| wkh g|qdplfv ri h{fhvv prqh| dqg krz lw dhfwv wkh
grphvwlf hfrqrp| wkurxjk lwv hhfwv rq sulfhv/ lqfrph dqg lqwhuhvw udwhv1 Wkh
devhqfh ri iruhljq yduldeohv lq wkh dqdo|vlv wr dffrxqw iru wkh dgglwlrqdo hhfwv
ri fkdqjhv lq wkh edodqfh ri sd|phqwv +  grhv qrw/ lq jhqhudo/ lqydolgdwh wkh
hfrqrphwulf lqwhusuhwdwlrq ri wkh uhvxowv1 Wkh uhdvrq lv wkdw wkh frlqwhjudwlrq
surshuw| lv lqyduldqw wr fkdqjhv lq wkh lqirupdwlrq vhw1 Wkhuhiruh/ li frlqwhjudwlrq
8lv irxqg zlwklq wkh suhvhqwo| xvhg vhw ri yduldeohv wkh vdph frlqwhjudwlrq uhodwlrq
zrxog eh irxqg lq dq h{whqghg dqdo|vlv1
Qhyhuwkhohvv/ wkh rplvvlrq ri lpsruwdqw iruhljq yduldeohv vxfk dv wkh uhdo h{0
fkdqjh udwh/ d yduldeoh phdvxulqj h{sruw ghpdqg/ dqg d iruhljq lqwhuhvw udwh/
phdqv wkdw vrph txhvwlrqv fdqqrw eh dgguhvvhg1 Wr jlyh wkh uhdghu dq lghd ri
wkh lpsruwdqfh ri wklv fkrlfh/ zh h{whqg wkh grphvwlf U7  u prgho +Odlgohu/
4<;8, zlwk  hhfwv dqg glvfxvv krz wkh k|srwkhwlfdo uhodwlrqv zrxog kdyh ehhq
prglhg fruuhvsrqglqjo|1
Wkh prwlydwlrq iru irfxvlqj h{foxvlyho| rq wkh grphvwlf phfkdqlvpv lv uhodwhg
wr wkh fkrlfh ri hfrqrphwulf phwkrgrorj|1 Wkh T - dssurdfk lv yhu| srzhuixo
iru d ghwdlohg dqdo|vlv ri vpdoohu v|vwhpv/ exw ehfrphv xqpdqdjhdeoh lq odujhu
v|vwhpv1 Wkhuhiruh/ wkh lghd lv uvw wr vwxg| wkh grphvwlf prqhwdu| phfkdqlvpv/
wkh oderu pdunhw phfkdqlvpv/ dqg wkh iruhljq phfkdqlvpv vhsdudwho| xvlqj frlq0
whjudwlrq dqdo|vlv dqg wkhq wr frpelqh wkh uhvxowv ri wkh vxe0v|vwhpv lqwr d pruh
frpsohwh prgho1 Iru d vlplodu dssurdfk/ vhh iru lqvwdqfh Mxvholxv +4<<5,/ Phwlq
+4<<, Hulfvvrq dqg Lurq +4<<;,1 Wkh iruhljq hhfwv kdyh ehhq vwxglhg lq ghwdlo lq
Mxvholxv dqg Pdufhoolqr +4<<;,/ wkh oderu pdunhw hhfwv lq Pdufhoolqr dqg Pl}rq
+4<<;, exw wkh frpelqhg dqdo|vlv lv vwloo ohiw iru ixwxuh uhvhdufk1
Wkh k|srwkhwlfdo uhodwlrqv glvfxvvhg ehorz ghvfuleh krz wkh orqj0uxq vwuxfwxuh
ri wkh prgho fdq eh uhodwhg wr wkh frlqwhjudwlrq surshuwlhv ri wkh gdwd1 D qhfhvvdu|
frqglwlrq iru hpslulfdo vxssruw iru d k|srwkhwlfdo vwhdg|0vwdwh uhodwlrq lv wkdw wkh
fruuhvsrqglqj frlqwhjudwlrq uhodwlrq lv vwdwlrqdu| zlwk hvwlpdwhg frlqwhjudwlrq
frh!flhqwv ri wkh h{shfwhg vljq1 Wkh vkruw0uxq dgmxvwphqw sdudphwhuv rq wkh
rwkhu kdqg ghvfuleh wkh g|qdplf wudqvplvvlrq phfkdqlvpv ri prqhwdu| srolf|1
D sulru k|srwkhvlv lv wkdw wkh g|qdplfv glhu lq glhuhqw uhjlphv1 Krz wkh
dgmxvwphqw vwuxfwxuh fkdqjhv lv ohiw iru hpslulfdo lqyhvwljdwlrq1 Lq wklv vhqvh
wkhuh lv d odujh h{sorudwru| hohphqw lq wkh dqdo|vlv1
6151 Vwhdg|0vwdwh uhodwlrqv
Doo wkurxjk wkh sdshu orzhu fdvhv ghqrwh orjdulwkplf ydoxhv dqg xsshu fdvhv ohyhov1
J?e+ _e6@?_c 6_ c lv dvvxphg wr eh wkh vxp ri wkh wudqvdfwlrqv/ suhfdx0
wlrqdu|/ dqg vshfxodwlyh ghpdqg iru prqh| dqg jlyhq e|=
6_| ’ +| n R| n KE-6|  -K| n K2{R| n 6| +614,
zkhuh + lv uhdo lqfrph/ R lv sulfh/ -K  -6 lv wkh rssruwxqlw| frvw ri kroglqj
prqh| uhodwlyh wr erqgv/ {R lv wkh rssruwxqlw| frvw uhodwlyh wr uhdo vwrfn/ 6| lv
d uhvlgxdo1 Wkh frqglwlrq iru +614, wr txdoli| dv d ghpdqg iru prqh| uhodwlrq lv
wkdw K : fc K2 	 f dqg 6|  UEf 1




 pljkw srwhqwldoo| lq xhqfh ghpdqg iru prqh|1 Vlqfh Lwdo| kdv pdlq0
wdlqhg uhvwulfwlrqv rq fdslwdo pryhphqwv lq prvw ri wkh vdpsoh shulrg/ grphvwlf
prqh| ghpdqg lv qrw olnho| wr eh pxfk lq xhqfhg e| wklv yduldeoh1
Wkhgrphvwlf fhqwudo edqn srolf| uxoh lv vxssrvhg wr eh=
-6| ’ -K| n KE{R|  Zf n-f n | +615,
zkhuh -f lv d frqvwdqw/ Zf lv wkh wdujhw lq dwlrq udwh/ K : f dqg |  UEf lv
d uhvlgxdo1
Lqfoxglqj iruhljq lqglfdwru yduldeohv lq wkh dqdo|vlv vxfk dv wkh h{fkdqjh udwh/




















Dffruglqj wr wklv uxoh wkh fhqwudo edqn zrxog fkdqjh wkh vkruw0whup lqwhuhvw
udwh -r| uhodwlyh wr wkh iruhljq udwh -
W
r|
zkhq grphvwlf lq dwlrq h{fhhgv iruhljq
lq dwlrq dqg zkhq wkh h{fkdqjh udwh kdv pryhg dzd| iurp lwv wdujhw ydoxh1 Iurp
dq hfrqrphwulf srlqw ri ylhz wkh iruhljq uhdfwlrq uxoh lv frpsohphqwdu| wr
+615, li W|  UEf Erwk duh olnho| wr kdyh h{sodqdwru| srzhu/ exw srvvleo| zlwk
glhuhqw zhljkwv lq glhuhqw shulrgv dqg uhjlphv1
Djjuhjdwh lqfrph1 Wkh U7 uhodwlrqvkls suhglfwv wkdw wuhqg0dgmxvwhg uhdo dj0
juhjdwh lqfrph lv qhjdwlyho| uhodwhg wr wkh orqj0whup uhdo lqwhuhvw udwh1 Lq dggl0
wlrq/ wuhqg0dgmxvwhg uhdo lqfrph fdq eh frlqwhjudwhg zlwk lq dwlrq lq d vkruw0uxq
Skloolsv fxuyh uhodwlrqvkls/ dowhuqdwlyho| ghpdqg suhvvxuh uhodwlrqvkls1 Vhh iru lq0
vwdqfh Khqgu| dqg Pl}rq +4<<6, dqg Mxvholxv +4<<9,1 Wkh iroorzlqj vshflfdwlrq
dffrxqwv iru erwk dowhuqdwlyhv=
+| ’ Ke  |oe?_n KD-K| n KS{R| n +| +616,
zkhuh Ke  f/ KD 	 fc KD ’ KS dqg +|  UEf zrxog eh frqvlvwhqw zlwk wkh U7
fxuyh/ zkhuhdv KD ’ f dqg KS : f zrxog eh frqvlvwhqw zlwk wkh vkruw0uxq Skloolsv
fxuyh1 Zlwk iruhljq yduldeohv lqfoxghg lq wkh dqdo|vlv wkh iroorzlqj k|srwkhwlfdo










ghvfulelqj wkh hhfw ri h{sruw ghpdqg rq grphvwlf lqfrph dv d ixqfwlrq ri iruhljq
uhdo dfwlylw|/ +W| c dqg wkh ohyho ri frpshwlwlyhqhvv RRR| Wkh ghpdqg iru h{sruw lv
fohduo| lpsruwdqw iru wkh uhdo lqfrph ghwhuplqdwlrq lq Lwdo| dqg +616, lv/ wkhuhiruh/
olnho| wr surylgh rqo| d sduwldo h{sodqdwlrq1
:Lqwhuhvw udwhv1 Wkh Ilvkhu sdulw| suhglfwv wkdw wkh vkruw0whup lqwhuhvw udwhv
ghshqgv rq h{shfwhg lq dwlrq dqg wkh h{shfwdwlrqv k|srwkhvlv wkdw vkruw lqwhuhvw
udwh ghwhuplqhv wkh orqj lqwhuhvw udwh/ e G
-6| ’ H|E{R|n n -6| +617,
dqg
-K| ’ -6| n -K|c +618,
zkhuh H|E{R|n lv wkh h{shfwhg fkdqjh lq lq dwlrq dw wlph |1 Hpslulfdo vxssruw
zrxog jhqhudoo| uhtxluh wkdw -6|  UEfc dqg -K|  UEf lpso|lqj rqh frpprq
vwrfkdvwlf wuhqg gulylqj erwk wkh lq dwlrq udwh dqg wkh lqwhuhvw udwhv1 Krzhyhu/
wkh qglqj wkdw +-6  -K|  UEc fdq eh frqvlvwhqw zlwk wkh suhglfwlrqv iurp
wkh h{shfwdwlrq*v k|srwkhvlv ru wkh Ilvkhu sdulw|/ li .|E{R|nK  {R|n6c lv dq
UE surfhvv/ zkhuh .|E{R|nK lv wkh h{shfwhg ixwxuh lq dwlrq dw wkh pdwxulw| ri
wkh erqg dqg .|E{R|n6 lv wkh h{shfwhg vkruw0whup lq dwlrq udwh1
Lq d vpdoo fdslwdo ghuhjxodwhg hfrqrp| rqh zrxog h{shfw wkh iruhljq +zruog,
ohyho ri lqwhuhvw udwhv wr hvvhqwldoo| ghwhuplqh wkh grphvwlf ohyho/ doehlw zlwk wkh
dgglwlrq ri d frxqwu| vshflf ulvn suhplxp1 Ehfdxvh fhqwudo edqnv fdq dhfw
wkh vkruw0whup lqwhuhvw udwh/ exw qrw +ru wr d pxfk ohvvhu h{whqw, wkh orqj0whup
lqwhuhvw udwh/ rqh zrxog h{shfw wkh orqj0whup erqg udwhv wr eh pdunhw ghwhuplqhg








zkhuh .|{r|nK lv wkh h{shfwhg fkdqjh lq wkh vsrw h{fkdqjh udwh dw wkh pdwxulw|
ri wkh erqg Ryhu wkh vdpsoh shulrg/ Lwdo| pdlqwdlqhg uhvwulfwlrqv rq fdslwdo
pryhphqwv xqwlo wkh ehjlqqlqj ri wkh qlqhwlhv1 Lq dgglwlrq Lwdo| dgrswhg wkh
eurdg edqgv ri wkh .- h{fhsw iru 4<<30<5 zkhq lw dgrswhg wkh qduurz edqgv
diwhu vhyhudo |hduv ri vwdeoh h{fkdqjh udwhv1 Diwhu wkh h{fkdqjh fulvlv lq 4<<5 Lwdo|
ohiw wkh .- 1 Wkhuhiruh/ zh qg lw sodxvleoh wkdw wkh Lwdoldq erqg pdunhw kdv
qrw ehhq vwurqjo| h{srvhg wr wkh lq xhqfh ri wkh iruhljq erqg pdunhw xqwlo yhu|
uhfhqwo|1
Sulfhv1 Lq wkh hpslulfdo dqdo|vlv zh qg wkdw {R  UE dqg/ khqfh/ R  UE2
Wklv jlyhv wkh udwlrqdoh iru glvwlqjxlvklqj ehwzhhq wkh orqj0uxq ghwhuplqdwlrq
ri wkh sulfh ohyho dqg wkh phglxp0uxq ghwhuplqdwlrq ri wkh lq dwlrq udwh1 Wkh
txdqwlw| wkhru| ri prqh| suhglfwv wkdw wkh sulfh ohyho lv uhodwhg wr 6  +c e
wr prqhwdu| h{sdqvlrq lq h{fhvv ri uhdo surgxfwlyh jurzwk1 Li 6  R  + 
UE/ zh h{shfw wkh lq dwlrq udwh wr dgmxvw wr ghyldwlrqv iurp wklv vwhdg| vwdwh1
Dffruglqj wr wkh vkruw0uxq Skloolsv fxuyh/ lq dwlrq lqfuhdvhv zlwk h{fhvv djjuhjdwh
ghpdqg1 Ilqdoo|/ li Fhqwudo Edqn srolf| lv hhfwlyh zh h{shfw lq dwlrq wr idoo
;zkhq prqhwdu| srolf| lv vwulfw dqg ulvh zkhq lw lv orrvh1 Lq whupv ri frlqwhjudwlrq
+614,0+617, frqwdlq wkhvh k|srwkhvhv dv vshfldo fdvhv1
71 Wkh vwdwlvwlfdo dqg hpslulfdo prgho
Vhfwlrq 714 ghqhv eulh | wkh frlqwhjudwhg UE dqg UE2 prghov dv sdudphwhu
uhvwulfwlrqv rq wkh xquhvwulfwhg T - prgho dqg glvfxvvhv wkh frqvhtxhqw lp0
solfdwlrqv rq wkh gdwd jhqhudwlqj surfhvv +khuhdiwhu (C ,1 Vhfwlrq 715 ghqhv
wkh hpslulfdo prgho dqg glvfxvvhv wkh fkrlfh ri udqn dqg lwv frlqwhjudwlrq dqg
frpprq wuhqgv lpsolfdwlrqv1
7141 Wkh vwdwlvwlfdo prgho
Wkh edvholqh YDU prgho lv jlyhq e|=
{2%| ’ K{
2%|3 n K{%|3 n%|3 nx(| n >f n >|n 0|c
0|  REfcP c | ’ c c A
+714,
zkhuh %| lv d R   yhfwru ri yduldeohv lq wkh v|vwhp/ | lv d ghwhuplqlvwlf wuhqg/
dqg wkh sdudphwhuv X ’ iKcKccxc >fc >fcPj duh xquhvwulfwhg1 Wkh yhfwru (|
frqwdlqv fhqwhuhg vhdvrqdo gxpplhv dqg lqwhuyhqwlrq gxpplhv1
Wkh k|srwkhvlv wkdw %| lv UE2 lv irupxodwhg dv wzr uhgxfhg udqn k|srwkhvhv
+Mrkdqvhq/ 4<<4,=







zkhuh kc q duh Ro dqg lc # duh Ror pdwulfhv1 Wkh olqhdu wuhqg frh!flhqw >
lv uhvwulfwhg wr rREkc l1h1 k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(r n 8f|nnt| nn|c | ’ c c A
+717,







z2c [ ’ sEXc kz2 dqg qz2 duh wkh ruwkrjrqdo
frpsohphqwv wr Ekc kz dqg Eqc qz uhvshfwlyho|/t| ghqhv wkh vwdwlrqdu| sduw ri
wkh surfhvv/ dqg  dqg  duh ixqfwlrqv ri wkh lqlwldo ydoxhv %fc %3c c %3&n Wkh
olqhdu wuhqg 8f|c 8f ’ s2EXc frqvlvwv ri d frpsrqhqw ruljlqdwlqj iurp k

z>f 9’ f/
<l1h1 olqhdu wuhqgv lq wkh frpprq wuhqgv/ dqg dqrwkhu iurp k> 9’ fc l1h1 iurp
d olqhdu wuhqg lq q Vhh Mrkdqvhq +4<<5/4<<8,/ Udkehn hw1do1 +4<<<, dqg Sduxror
+4<<9, iru ixuwkhu ghwdlov1
Lw dsshduv iurp +717, wkdw wkh frqvwdqw whup/ li xquhvwulfwhg/ doorzv iru txdgudwlf
dqg olqhdu wuhqgv lq wkh gdwd1 Olqhdu wuhqgv zrxog fruuhvsrqg wr .E{R ’ Z 9’ fc
zklfk vhhpv d uhdvrqdeoh dvvxpswlrq/ zkhuhdv txdgudwlf wuhqgv lq sulfhv fruuh0
vsrqg wr .E{R ’ ZnZ2| c EZc Z2 9’ f Dowkrxjk d olqhdu wuhqg lq lq dwlrq udwh
pd| zrun dv d orfdo dssur{lpdwlrq ryhu vkruw shulrgv ri wlph/ vxfk dq dvvxpswlrq
fdq kdug| eh mxvwlhg ryhu orqjhu shulrgv1 Wklv lv wkh prwlydwlrq iru lpsrvlqj
wkh d sulrul uhvwulfwlrq k

z2>f ’ f Dv vkrzq lq Udkehn hw1do1 +4<<<, wklv prgho
gholyhuv vlplodu lqihuhqfh iru wkh ghwhuplqdwlrq ri wkh udqn lqglfhv1
Wkh k|srwkhvlv wkdw %| lv UE lv irupxodwhg dv wkh uhgxfhg udqn k|srwkhvhv
ri +715, dqg wkh ixoo udqn ri +716,1
Wkh prylqj dyhudjh uhsuhvhqwdwlrq ri wkh UE prgho ghqhv %| dv d ixqfwlrq








WEuE0| n >f nx(| n +718,






c WEu lv dq lqqlwh sro|qrpldo lq wkh odj rshudwru
uc dqg  lv d ixqfwlrq ri wkh lqlwldo ydoxhv1
7151 Wkh hpslulfdo prgho
Prgho +714, lv hvwlpdwhg zlwk wzr odjv dqg d olqhdu wuhqg lq wkh frlqwhjudwlrq
vsdfh prwlydwhg e| wkh vkruw0uxq Skloolsv fxuyh 2 ghpdqg suhvvxuh uhodwlrq +616,1
Wkh yduldeohv duh ghqhg e|=
%| ’ d6c Rc +c-6c -Ko|c | ’ 4<:7=404<<7=7
zkhuh 6 lv wkh orj ri wkh prqhwdu| djjuhjdwh 2/ R lv wkh orj ri d sulfh lqgh{c +
lv wkh orj ri uhdo C(c -6 lv wkh udwh ri uhwxuq rq2/ -K lv wkh |lhog rq phglxp0
whup erqgv1 Erwk lqwhuhvw udwhv duh glylghg e| 733 wr pdnh wkh hvwlpdwhg frhi0
flhqwv frpsdudeoh zlwk orjdulwkplf txduwhuo| fkdqjhv1 D ixoo ghvfulswlrq ri wkh
gdwd vhw lv jlyhq lq wkh Dsshqgl{1 Wkh vdpsoh lv vsolw lqwr wzr shulrgv/ 4<:7=40
4<;6=4 dqg 4<;6=404<<7=71 Wkh vsolw lv prwlydwhg sduwo| e| vwurqj hfrqrphwulf
hylghqfh ri sdudphwhu qrq0frqvwdqf| dw durxqg 4<;50;7 dssur{lpdwho| frlqflg0
lqj zlwk wkh vkliw ri uhjlph/ sduwo| e| dq @ RoJo hfrqrplf lqwhuhvw lq wkhvh wzr
shulrgv dv dujxhg dw vrph ohqjwk lq Mxvholxv +4<<;d,1
Wkh prgho lqfoxghv yh lpsxovh gxpplhv/ ghqhg dv G4<{{| @ 4 lq 4<{{/
Txduwhu |/ 3 rwkhuzlvh/ wr dffrxqw iru wkh iroorzlqj vljqlfdqw uhirupv dqg lqwhu0
yhqwlrqv=
43
G:77 @ wkh euhdn0grzq ri wkh erqg pdunhw/
G:94 @ wkh forvxuh ri wkh h{fkdqjh pdunhw gxh wr d pdmru fxuuhqf| fulvhv/
G;45 @ wkh glyrufh ehwzhhq wkh fhqwudo edqn dqg wkh Wuhdvxu|/
G;95 @ wkh idoo ri wkh glvfrxqw udwh zlwk pruh wkdq 6(/
G<56 @ wkh h{lw ri Lwdoldq olud iurp wkh .-
Wkh hvwlpdwhv ri wkh UE2 prgho kdyh ehhq fdofxodwhg zlwk d surfhgxuh ghyhorshg
e| F1 Mrujhqvhq zlwklq wkh vriwzduh sdfndjh FDWV iru UDWV/ Kdqvhq dqg Mxvholxv
+4<<7,1
Wkh fkrlfh ri frlqwhjudwlrq udqn oc l1h1 wkh ghfrpsrvlwlrq ri wkh gdwd lqwr
vwhdg|0vwdwh uhodwlrqv dqg frpprq gulylqj wuhqgv/ zdv glvfxvvhg dw vrph ohqjwk
lq Mxvholxv +4<<;d, dqg zloo qrw eh uhshdwhg khuh1 Wkh qdo fkrlfh/ ~ o ’ c Ro ’
2j zdv prwlydwhg e| vwdwlvwlfdo dv zhoo dv hfrqrplf dujxphqwv1 Wkh wzr frpprq
wuhqgv duh dvvxphg wr ghvfuleh wkh fxpxodwlrq ri shupdqhqw vkrfnv wr djjuhjdwh
ghpdqg dqg djjuhjdwh vxsso|/ uhvshfwlyho|1 Lq wkh qrplqdo prgho wr eh dqdo|}hg
lq Vhfwlrq : zh qhhg lq dgglwlrq wr glvwlqjxlvk ehwzhhq wkh qxpehu ri UE2 dqg UE
wuhqgv dprqj wkh wzr frpprq vwrfkdvwlf wuhqgv1 Edvhg rq dujxphqwv lq Mxvholxv
+4<<;e/ 4<<;f, zh dvvxph wkdw wkhuh lv rqh UE2 wuhqg ghvfulelqj wkh vwrfkdvwlf
qrplqdo wuhqg +wkh djjuhjdwh ghpdqg wuhqg, dqg rqh UE wuhqg ghvfulelqj wkh
uhdo vwrfkdvwlf wuhqg +wkh djjuhjdwh vxsso| wuhqg,1
81 Wkh fkrlfh ri sulfh yduldeoh
Orqj0uxq sulfh krprjhqhlw| lv dq lpsruwdqw frqfhsw zkhq dqdo|}lqj wkh hhfwv
ri h{fhvv prqh| ghpdqg rq sulfh lq dwlrq1 Wkh hpslulfdo yhulfdwlrq ri sulfh
krprjhqhlw| fdq/ krzhyhu/ eh vhqvlwlyh wr wkh fkrlfh ri phdvxuhphqw ri wkh sulfh
yduldeoh1 Xqiruwxqdwho|/ pdfurhfrqrplf wkhru| lv txlwh vlohqw rq wkh fkrlfh ri
phdvxuhphqwv iru wkh djjuhjdwh sulfh ohyho/ suredeo| ehfdxvh sulfhv duh h{shfwhg
wr frqyhujh dqg/ khqfh/ glhuhqw ghqlwlrqv zrxog phdvxuh wkh vdph sulfh ghyho0
rsphqw1 Wklv lv olnho| wr eh wkh fdvh ryhu orqj wlph shulrgv/ exw qrw qhfhvvdulo|
zkhq wkh shuvshfwlyh/ dv khuh/ lv wkh phglxp orqj0uxq1 Vhfwlrq 814 suhvhqwv vrph
ghvfulswlyh phdvxuhv iru wkh qrplqdo yduldeohv dqg glvfxvvhv wkh frlqwhjudwlrq lp0
solfdwlrqv ri fkrrvlqj rqh ri wzr srvvleoh sulfh lqglfhv1 Vhfwlrq 814 uhsruwv wkh
uhvxowv ri dq UE2 dqdo|vlv ri wkh U dqg wkh lpsolflw sulfh gh dwru ri C( dqg
frqfoxghv wkdw wkh fkrlfh zloo pdwwhu iru wkh vxevhtxhqw frlqwhjudwlrq uhvxowv1
8141 D ghvfulswlyh dqdo|vlv
Wkh reylrxv fkrlfh ri phdvxuhphqwv lv ehwzhhq wkh frqvxphu sulfh lqgh{ +U,
dqg wkh lpsolflw sulfh gh dwru +U(, ri wkh vhohfwhg lqfrph phdvxuh/ khuh C( 1
Zh zloo uvw suhvhqw d ghvfulswlyh dqg judsklfdo dqdo|vlv ri wkh orqj0uxq wuhqg
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Iljxuh 814= Wuhqg0dgmxvwhg prqh| dqg sulfhv lq wkh uvw shulrg
frpsrqhqw ri wkh wzr sulfh lqglfhv1 Wkh olqhdu jurzwk udwhv ri wkh orj ri qrp0
lqdo prqh| dqg wkh wzr sulfh lqglfhv duh uvw hvwlpdwhg e| uhjuhvvlrq dqg wkh
ghwuhqghg sulfh lqgh{ lv wkhq xvhg dv d uvw fuxgh dssur{lpdwlrq ri wkh ehkdylru
ri wkh orqj0uxq vwrfkdvwlf wuhqg1
Wkh hvwlpdwhv uhsruwhg lq Wdeoh 814 duh fdofxodwhg iru wkh ixoo vdpsoh dqg wkh
wzr vxe0vdpsohv/ uhvshfwlyho|1 Wkh| ghprqvwudwh odujh glhuhqfhv lq jurzwk udwhv
ehwzhhq wkh kljk lq dwlrq shulrg ri wkh vhyhqwlhv dqg wkh ehjlqqlqj ri wkh hljkwlhv
dqg wkh orz lq dwlrq shulrg wkhuhdiwhu1 Dv h{shfwhg/ qrplqdo prqh| vwrfn jurzv
idvwhu wkdq sulfhv dv d frqvhtxhqfh ri idluo| kljk uhdo jurzwk udwhv lq wklv shulrg1
Wkh wzr sulfh lqglfhv vhhp wr kdyh h{shulhqfhg vrphzkdw glhuhqw jurzwk udwhv/
U( jurzwk h{fhhgv wkh U jurzwk zlwk dssur{lpdwho| fHI shu dqqxp1
Wkh judskv ri wkh ghwuhqghg prqh| dqg sulfh yduldeohv lq Iljxuh 814 dqg
815 vxjjhvw wkdw wkh vwrfkdvwlf wuhqgv ri prqh| vwrfn dqg sulfhv kdyh ghyhorshg
vlploduo| lq wkh pruh uhfhqw shulrg/ zkhuhdv wklv lv qrw wkh fdvh lq wkh uvw shulrg1
Wklv douhdg| jlyhv vrph vxssruw iru vsolwwlqj wkh vdpsoh lqwr wzr1
Lq dwlrq udwhv duh xvxdoo| irxqg wr eh UEc hpslulfdoo|/ lpso|lqj wkdw sulfh
45










Iljxuh 815= Wuhqg0dgmxvwhg prqh| dqg sulfhv lq wkh vhfrqg shulrg
ohyhov +dqg qrplqdo prqh| vwrfn, duh ehvw dssur{lpdwhg dv UE2 yduldeohv1 Dvvxph
wkdw E6c Rc R2  UE2 zkhuh R dqg R2 duh wzr sulfh yduldeohv1 Iluvw/ li R R2 
UE2c wkhq wkh fkrlfh ehwzhhq R dqg R2 zloo vwurqjo| lq xhqfh wkh qglqj ri orqj0
uxq sulfh krprjhqhlw| ehwzhhq qrplqdo prqh| dqg sulfhv/ zkhuhdv li R  R2 
UE wklv zloo qrw eh wkh fdvh1 Exw hyhq lq wkh odwwhu fdvh wkh glhuhqfh ehwzhhq
E6  R dqg E6  R2 lv UE dqg wkh vxevhtxhqw frlqwhjudwlrq uhvxowv ri uhdo
prqh| vwrfn dqg wkh uhpdlqlqj yduldeohv zloo eh dhfwhg1 Wkhuhiruh/ wkh fkrlfh
ri sulfh yduldeoh zloo pdwwhu iru wkh frlqwhjudwlrq uhvxowv xqohvv ER  R2  UEf
zklfk lv qrw yhu| olnho|1 Vhh iru lqvwdqfh Mßujhqvhq +4<<;, dqg Mxvholxv +4<<;f,1
Zh h{shfw lqvwhdg wkdw ER  R2  UE/ zklfk lpsolhv wkdw E{R {R2  UEf
dqg/ khqfh/ wkdw wkh vwrfkdvwlf lq dwlrq wuhqgv duh wkh vdph lqghshqghqwo| ri wkh
fkrlfh ri phdvxuhphqw1
Wklv vxjjhvwv wkdw wkh fkrlfh ri phdvxuhphqw iru wkh sulfh yduldeoh fdq srwhq0
wldoo| lq xhqfh erwk wkh qglqj ri orqj0uxq sulfh krprjhqhlw| ehwzhhq qrplqdo
prqh| dqg sulfhv/ exw dovr wkh frlqwhjudwlrq surshuwlhv ri wkh hpslulfdo prgho lq
uhdo whupv1 Wkhuhiruh/ dq dqdo|vlv ri wkh fr0pryhphqwv ri srwhqwldo sulfh phd0
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Wdeoh 814= Olqhdu jurzwk udwhv lq qrplqdo prqh| dqg sulfhv
4<:7=404<<7=7 4<:7=404<;5=7 4<;6=404<<7=7
62 31363 31375 31355
RSEU 31359 3136; 31348
R+EU(  3135: 31373 3134:
vxuhphqwv dv zhoo dv d vhqvlwlylw| dqdo|vlv ri wkh vxevhtxhqw hpslulfdo uhvxowv duh
prwlydwhg1
8151 Dq UE2 dqdo|vlv ri wkh wzr sulfh lqglfhv
Wr lqyhvwljdwh zkhwkhu wkh sulfh glhuhqwldo lv UE ru UE2 zh dsso| prgho +714,
zlwk irxu odjv dqg > ’ fcx ’ f Wkh wzr uhgxfhg udqn frqglwlrqv +715, dqg +716,
zhuh whvwhg xqghu wkh uhvwulfwlrq k

z2>f ’ f1
Wkh whvw vwdwlvwlfv uhsruwhg lq Wdeoh 815 duh edvhg rq wkh mrlqw ghwhuplqdwlrq
ri Eoc r dv ghvfulehg lq Sduxror +4<<9, iru wkh prgho zlwk k

z2> ’ f zlwk wkh
<8( txdqwlohv jlyhq lq lwdolfv1 Wkh whvw surfhgxuh vwduwv zlwk wkh prvw uhvwulfwhg
prgho +o ’ fc r ’ fc r2 ’ 2 lq wkh xsshu ohiw kdqg fruqhu/ frqwlqxhv wr wkh
hqg ri wkh uvw urz/ dqg surfhhgv wr wkh qh{w urz xqwlo wkh uvw dffhswdqfh dw
io ’ c r ’ fc r2 ’ j1 Wklv surfhgxuh gholyhuv d fruuhfw vl}h dv|pswrwlfdoo| exw/
dv ghprqvwudwhg lq Mßujhqvhq +4<<;,/ wkh srzhu lv xvxdoo| orz dqg wkh vl{ qhhgv
wr eh fruuhfwhg lq vpdoo vdpsohv1 Zlwk d vpdoo vdpsoh fruuhfwlrq io ’ fc r ’
c r2 ’ j zrxog suredeo| kdyh ehhq uvw dffhswhg1 Wkhuhiruh/ zh eulh | glvfxvv
wkh lpsolfdwlrqv ri hlwkhu fkrlfh1
Wkh fdvh io ’ fc r ’ c r2 ’ j lpsolhv qr vwdwlrqdu| frlqwhjudwlrq uhodwlrq
ehwzhhq wkh wzr sulfh lqglfhv/ exw rqh UE2c  frlqwhjudwlrq uhodwlrq1 Lw fdq eh






























2c uhvshfwlyho|/ dqg | ’
sE0R|c 0R2| dqg 2| ’ s2E0R|c 0R2| Li S2 ’ S22 wkhq +R  R2 ’ ES 
S2
S
 n ES2  S22
S
2  UE dqg/ ehfdxvh o ’ fc wkhuh lv qr UEf
frlqwhjudwlrq uhodwlrq ehwzhhq +R R2 dqg +{Rc{R2 frqvlvwhqw zlwk wkh T -
prgho1
Wkh fdvh io ’ c r ’ fc r2 ’ j lpsolhv R  o ’  vwrfkdvwlf wuhqg dqg wkh
vdph vwrfkdvwlf vkrfnv lq xhqfh wkh sulfh lqglfhv erwk lq wkh orqj0uxq +wkh ohyhov,
dqg lq wkh phglxp0uxq +wkh fkdqjhv,1 Wkh uhsuhvhqwdwlrq wkhq ehfrphv=
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Wdeoh 815= Wkh L+5, whvw ri sulfhv
s0u T+v2 _ R o ’Eo
5 9815 5914 541;
6914 5519 4815
4 0 :14 717
451< 713





















Li S2 ’ S22c wkhq +R  R2  UE dqg/ frqvlvwhqw zlwk o ’ c wkhuh lv rqh
sro|qrpldoo| frlqwhjudwlqj uhodwlrq= ~+R  R2 n ES{R  S2{R2j  UEf
Qrwh/ krzhyhu/ wkdw S 9’ S2 dv d frqvhtxhqfh ri +R  R2  UE1
Lq erwk fdvhv {R dqg {R2 frqwdlq wkh vdph UE wuhqg1 Lq dgglwlrq zkhq



















l1h1 wkh lq dwlrq glhuhqwldo lv UEf Wkhuhiruh/ wkh fkrlfh ri sulfh lqgh{ dv d
sur{| iru lq dwlrq udwh {R lq wkh vxevhtxhqw prgho dqdo|vlv lq Vhfwlrq : edvhg
rq %| ’ d6  Rc +c{Rc-6c -Ko vkrxog qrw pdwwhu iru wkh frlqwhjudwlrq uhvxowv1
Qhyhuwkhohvv/ wkh fkrlfh ri sulfh lqgh{ dv d gh dwru ri qrplqdo prqh| grhv pdwwhu
zkhq +R  R2  UE1 Li wkh fdvh +814, lv wuxh lw lv olnho| wr lq xhqfh wkh
vxevhtxhqw frlqwhjudwlrq uhvxowv pruh wkdq li +815, lv wuxh1 Dowkrxjk/ wkh whvwv
lq Wdeoh 815 jdyh vrph vxssruw wr wkh uvw fdvh/ wkh fdvh frqvlvwhqw zlwk rqh
frlqwhjudwlqj uhodwlrq +R  qR2  UE vhhphg suhihudeoh Wkh whvw ri sulfh
krprjhqhlw|/ l1h1 q ’ c surgxfhg d whvw vwdwlvwlf ri 514;/ dssur{lpdwho| 2E
dqg wkh k|srwkhvlv wkdw R  R2  UE lv zhoo vxssruwhg e| wkh gdwd1 Wkh qh{w
vhfwlrq uhsruwv d vhqvlwlylw| dqdo|vlv ri wkh hhfwv rq wkh hpslulfdo uhvxowv ri hlwkhu
fkrlfh1
91 Dqdo|}lqj orqj0uxq sulfh krprjhqhlw|
Iljxuh 814 dqg 815 ghprqvwudwhg ylvxdoo| wkh odfn ri orqj0uxq frqyhujhqfh ehwzhhq
qrplqdo prqh| dqg sulfhv/ sduwlfxoduo| lq wkh uvw shulrg1 Vhfwlrq 914 lqyhvwljdwhv
wkh UE2 prgho edvhg rq %| ’ d6c Rc +c-6c -Ko zlwk R phdvxuhg e| wkh frqvxphu
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Wdeoh 914= Hvwlpdwhv ri wkh q gluhfwlrqv lq wkh qrplqdo prgho
Iluvw shulrg
RS R+ RS R+
	q 	q2 	q 	q 	q2 	q 	qz 	qz2 	qz 	qz2
6 413 413 413 413 413 413 616 0614 314 0519
R 318 516 716 417 716 0714 0618 31: 051; 314
+ 041: 0313 0315 0418 0318 514 04517 0413 0316 031:
-6 0<1: 05419 0514 04615 04<16 06<16 051< 0313 031: 0314
-K 91; :1: 0318 71; 419 6419 0:17 314 0415 313
Vhfrqg shulrg
	q 	q2 	q 	q 	q2 	q 	qz 	qz2 	qz 	qz2
6 413 0314 413 413 0318 413 <18 0616 0713 061<
R 0516 317 0413 0318 314 031< 04319 0818 713 051:
+ 415 413 031; 318 413 031: 4:1< 0419 714 0416
-6 5713 ;15 0513 31< 81; 05419 0518 0315 051: 0315
-K 0716 0914 0417 0617 051< 4:1; 0315 313 0613 0315
sulfh lqgh{ dqg wkh lpsolflw sulfh lqgh{/ uhvshfwlyho|1 Wkh uhvxowv surylghg olwwoh
vxssruw iru ryhudoo orqj0uxq sulfh krprjhqhlw| dqg Vhfwlrq 915 lqyhvwljdwhv/ wkhuh0
iruh/ vhyhudo dgglwlrqdo k|srwkhvhv zlwk wkh sxusrvh ri xqfryhulqj wkh fdxvhv ri
wkh odfn ri ryhudoo krprjhqhlw|1
9141 UE2 dqdo|vlv ri qrplqdo prgho
Iru wkh lqyhvwljdwlrq ri sulfh krprjhqhlw| rqo| wkh q gluhfwlrqv ri wkh UE2 prgho
duh uhohydqw1 Wkh hvwlpdwhv ri q dqg qz ghqh wkh UE2c  uhodwlrqv dqg qz2
ghqh wkh yduldeohv zklfk duh dhfwhg e| wkh UE2 wuhqgv1 Xqghu dvvxpswlrq wkdw
rqo| qrplqdo prqh| dqg sulfhv duh dhfwhg e| wkh UE2 wuhqg/ wkh k|srwkhvlv ri
orqj0uxq sulfh krprjhqhlw| fdq eh irupxodwhg dv=
q ’ d@c@c c c oc  ’ c c oc +914,
q
z ’ dKcKc c c oc +915,
q
z2 ’ dSc Sc fc fc fo +916,
Vhh iru lqvwdqfh wkh glvfxvvlrq lq Mxvholxv +4<<;f,1 Wkh hvwlpdwhv lq Wdeoh 914
duh edvhg rq wkh fdvh ~o ’ c r ’ c r2 ’ j dqg uhsruwhg iru erwk ri wkh wzr
sulfh lqglfhv1
Iru wkh uvw shulrg wkh k|srwkhwlfdo uhvwulfwlrqv +914, gr qrw vhhp wr kdyh dq|
hpslulfdo vxssruw1 H{fhsw iru 	q2 lq wkh fdvh ri RS dqg 	q lq wkh fdvh ri R+ wkh
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frh!flhqwv ri 6 dqg R lq 	qc  ’ c c c duh qrw hyhq ri rssrvlwh vljqv/ vxjjhvwlqj
wkdw wkh vwrfkdvwlf wuhqgv lq qrplqdo prqh| dqg sulfhv duh prylqj lq rssrvlwh
gluhfwlrqv1 Wklv hhfw fdq dovr eh qrwlfhg lq wkh judskv ri Iljxuh 8141
Iru 	q
z wkh krprjhqhlw| uhvwulfwlrq +:15, ehwzhhq6 dqg R vhhpv wr eh vdwlvhg
iru RSc exw qrw iru R+ Vlqfh qz ghqhv d UE2c  uhodwlrq zklfk fdq rqo| ehfrph
vwdwlrqdu| e| glhuhqflqj exw qrw e| frlqwhjudwlrq/ wkhvh uhvxowv vxjjhvw wkdw
{6 dqg {RS pryh wrjhwkhu lq wkh phglxp uxq zlwkrxw vdwlvi|lqj d orqj0uxq
vxvwdlqdeoh krprjhqhrxv vwhdg|0vwdwh uhodwlrq ehwzhhq 6 dqg R Dw wklv vwdjh zh
gr qrw dwwhpsw wr h{sodlq wklv qglqj/ exw qrwh wkdw wkh uvw shulrg lv sureohpdwlf
lq pdq| uhvshfwv1 Dv looxvwudwhg e| wkh judskv lq Iljxuh 414/ wklv lv srvvleo|
ehfdxvh ri wkh wudqvlwlrq iurp d idluo| forvhg dqg uhjxodwhg hfrqrp| wr d pruh
prghuq zhoiduh hfrqrp|1
Wkh hvwlpdwhv ri qz2c ghwhuplqlqj krz wkh UE2 wuhqg dhfwv wkh yduldeohv ri
wkh v|vwhp/ duh yhu| vlplodu iru wkh wzr sulfh lqglfhv1 Wkh orqj0uxq krprjhqhlw|
uhvwulfwlrq +916, grhv qrw jhw pxfk hpslulfdo vxssruw dqg uhdo lqfrph kdv d odujh
frh!flhqw djdlqvw wkh k|srwkhwlfdo }hur frh!flhqw1 Dv h{shfwhg/ wkh wzr lqwhuhvw
udwhv gr qrw vhhp wr eh dhfwhg e| wkh UE2 wuhqg1
Iru wkh vhfrqg shulrg wkh hvwlpdwhv ri 	q duh pruh frqvlvwhqw zlwk wkh k|sr0
wkhwlfdo uhvwulfwlrqv +914,1 Lq sduwlfxodu/ 	q vdwlvhv wkh krprjhqhlw| uhvwulfwlrq
doprvw h{dfwo| iru erwk sulfh yduldeohv1 Wkh frh!flhqwv ri 	q vxjjhvw wkdw sulfhv
kdyh iroorzhg qrplqdo prqh| dqg uhdo lqfrph doprvw krprjhqhrxvo| iru erwk
sulfhv1 Wklv vxjjhvwv wkdw rwkhu idfwruv wkdq wkrvh uhodwhg wr Lwdoldq prqhwdu|
srolf| kdyh lq xhqfhg wkh Lwdoldq sulfh ohyho1 Wkh frh!flhqwv ri 6 dqg R lq 	q2c
wkrxjk txlwh vpdoo dqg suredeo| qrw vljqlfdqw/ gr qrw vxssruw sulfh krprjhqh0
lw|1
Wkh frh!flhqwv ri 	qz vxjjhvw vwurqj vxssruw iru wkh krprjhqhlw| uhvwulfwlrq
+915, ehwzhhq 6 dqg R dqg lq dwlrq dqg prqh| jurzwk vhhp wr iroorz hdfk rwkhu
lq wkh phglxp uxq1 Wkh frh!flhqwv ri6 dqg R lq q
z2c wkrxjk qrw htxdo/ duh pxfk
pruh frqvlvwhqw zlwk uhvwulfwlrq +916, wkdq wkh frh!flhqwv lq wkh uvw shulrg1 Dv
lq wkh uvw shulrg/ wkh frh!flhqw ri uhdo lqfrph lv txlwh odujh dqg wkh wzr lqwhuhvw
udwhv duh qrw lq xhqfhg e| wkh UE2 wuhqg1 Iru wkh lpsolflw sulfh lqgh{ wkh uvw
wkuhh frh!flhqwv ghvfuleh doprvw h{dfwo| 6 R +c l1h1 yhorflw|1
Dowrjhwkhu/ ryhudoo orqj0uxq sulfh krprjhqhlw| grhv qrw vhhp wr jhw pxfk
hpslulfdo vxssruw1 Lq wkh uvw shulrg wkhuh lv kdugo| dq| hylghqfh ri frqyhu0
jhqfh ehwzhhq qrplqdo prqh| dqg sulfhv/ zkhuhdv lq wkh vhfrqg shulrg wkhuh lv
pxfk pruh vxssruw iru sulfh krprjhqhlw| lq vrph ri wkh gluhfwlrqv ri q1 Iru
erwk shulrgv/ wkh txlwh odujh frh!flhqwv ri uhdo lqfrph lq qz2 prwlydwhv ixuwkhu
lqyhvwljdwlrq1
Wkh deryh hpslulfdo uhvxowv srlqw wr wkh qhhg iru whvwlqj wkh iroorzlqj k|0
srwkhvhv=
4:
+l, Fdq uhdo prqh| vwrfn eh frqvlghuhg UEq
+ll, Fdq uhdo djjuhjdwh lqfrph eh frqvlghuhg UEq
+lll, Fdq yhorflw| ru dq| frpelqdwlrq ehwzhhq uhdo prqh| dqg uhdo lqfrph eh
frqvlghuhg UEq
9151 K|srwkhvhv whvwlqj
Zh qrz wxuq wr d irupdo whvwlqj ri wkh k|srwkhvhv glvfxvvhg deryh1 Whfkqlfdoo|
wkh whvwlqj fdq eh grqh xvlqj wkh vwdqgdug whvw surfhgxuhv ghyhorshg iru wkh
UE prgho1 Dffhswdqfh ri k|srwkhvhv/ krzhyhu/ lpsolhv frlqwhjudwlrq iurp UE2
wr UE +srvvleo| UEf,/ l1h1 wkh frlqwhjudwhg uhodwlrqv duh UE2c  +ru srvvleo|
UE2c 2,1
Wkh uvw k|srwkhvlv K whvwv irupdoo| zkhwkhu sulfh krprjhqhlw| fdq eh lp0
srvhg rq doo frlqwhjudwlrq yhfwruv1 Lw lv ri wkh irup q ’ iMj1 Wkh k|srwkhvhv
K2KD duh ri wkh irup q ’ iMcjc l1h1 wkh| whvw uhvwulfwlrqv rq d vlqjoh yhfwru
dqg ohdyh wkh rwkhu yhfwruv xquhvwulfwhg1 K2 whvwv zkhwkhu wuhqg0dgmxvwhg uhdo
prqh| vwrfn lv UEc K zkhwkhu wuhqg0dgmxvwhg uhdo lqfrph lv UEc Ke zkhwkhu
wuhqg0dgmxvwhg yhorflw| lv UEc dqg KD zkhwkhu wuhqg0dgmxvwhg uhdo prqh| dqg
uhdo lqfrph duh frlqwhjudwlqj Wkh uhvxowv duh suhvhqwhg lq Wdeoh 9151
Dv h{shfwhg/ wkh k|srwkhvlv K ri orqj0uxq sulfh krprjhqhlw| lq wkh frlqwh0
judwlrq vsdfh lv fohduo| uhmhfwhg iru erwk shulrgv dqg erwk sulfh lqglfhv1 Dovr/ wkh
k|srwkhvlv K2c wkdw wuhqg0dgmxvwhg uhdo prqh| vwrfn lv UEc lv uhmhfwhg1 Lq wkh
vhfrqg shulrg uhdo prqh| edvhg rq wkh lpsolflw sulfh gh dwru fdq eh erughuolqh
dffhswdeoh dv UE1 Wkh k|srwkhvlv Kc wkdw wuhqg0dgmxvwhg uhdo lqfrph lv UEc
lv uhmhfwhg h{fhsw iru wkh R+ fdvh ri wkh uvw shulrg1 Wklv lpsolhv wkdw uhdo lqfrph
lv dssur{lpdwho| UE2c l1h1 wkdw wkh uhdo lqfrph frh!flhqw ri 	qz2 lq Wdeoh 914 lv
vljqlfdqw1
Wkh qglqj wkdw erwk uhdo lqfrph dqg uhdo prqh| vwrfn duh dssur{lpdwho|
UE2c hpslulfdoo|/ vxjjhvw wkdw E6 R @+ pljkw eh UE2c 1 Wkh xquhvwulfwhg
uhodwlrq lv whvwhg e| Ke Lq wkh uvw shulrg lw lv uhmhfwhg iru RS/ exw qrw iru R+
zlwk d odujh lqfrph frh!flhqw1 Wklv vxjjhvwv d uhdo lqfrph uhodwlrq zlwk uhdo
prqh| hhfwv lqvwhdg ri d yhorflw| uhodwlrq1 Lq wkh vhfrqg shulrg wkh uhvxowv duh
wkh rssrvlwh= frlqwhjudwlrq lv dffhswhg iru RS/ exw qrw iru R+1 Wkh hvwlpdwhg
lqfrph frh!flhqw lv forvh wr rqh lq wkh iruphu fdvh/ exw vpdoo lq wkh odwwhu fdvh1
Wkh yhorflw| k|srwkhvlv KD lv uhmhfwhg lq wkh uvw shulrg/ vwurqjo| dffhswhg lq wkh
vhfrqg shulrg iru RS exw rqo| erughuolqh dffhswhg iru R+1
Dowrjhwkhu/ wkh uhvxowv lq wklv vhfwlrq gr qrw xqdpeljxrxvo| idyru rqh ri wkh
sulfh lqglfhv udwkhu wkdq wkh rwkhu1 Lq wkh uvw shulrg R+ pljkw kdyh shuiruphg
voljkwo| ehwwhu/ zkhuhdv lq wkh vhfrqg shulrg RS vhhpv suhihudeoh1 Wkh glhuhqfhv
duh/ krzhyhu/ qrw odujh1 Wklv lv frqvlvwhqw zlwk wkh uhvxowv lq vhfwlrq 815 ghprq0
4;
Wdeoh 915= Orqj0uxq sulfh sursruwlrqdolw| whvwv lq wkh uvw shulrg
K|srwkhvhv RS R+
Iluvw shulrg 4<:7=404<;6=4
q ’ iMj 
2ED s0ydo  2ED s0ydo 
K M ’ d@c@c c c c o 5;13+6, 3133 5819+6, 3133
q ’ iMc j 
2ED s0ydo  2ED s0ydo 
K2 M2 ’ dcc fc fc fc o <16+5, 3134 4417+5, 3133
K M ’ dfc fc c fc fc o <1:+5, 3134 515+5, 3166
Ke M ’ dccc fc fc o ;1;+5, 3134 91;+5, 3136
KD Me ’ dcc@c fc fc o d@716 915+4, 3134 d@71: 317+4, 3184
Vhfrqg shulrg 4<;6=404<<7=7
q ’ iMj 
2ED s0ydo  2ED s0ydo 
K M ’ d@c@c c c c o 4719+6, 3133 4316+6, 3135
q ’ iMc j 
2ED s0ydo  2ED s0ydo
K2 M2 ’ dcc fc fc fc o 4618+5, 3133 813+5, 313;
K M ’ dfc fc c fc fc o 914+5, 3138 :14+5, 3136
Ke Me ’ dccc fc fc o 31:+5, 31:5 815+5, 313:
KD MD ’ dcc@c fc fc o d@31; 316+4, 318; d@315 714+4, 3137
vwudwlqj wkdw wkh sulfh glhuhqwldo ehwzhhq frqvxphu sulfh lqgh{ dqg wkh lpsolflw
sulfh lqgh{ zdv UE/ l1h1 zdv vlploduo| dhfwhg e| wkh UE2 wuhqg1 Wkhuhiruh/ wkh
fuxfldo glhuhqfh lv qrw olnho| wr eh irxqg lq uhodwlrqv ehwzhhq qrplqdo prqh|
vwrfn dqg sulfhv/ exw lqvwhdg lq uhodwlrqv lqyroylqj wkh rwkhu ghwhuplqdqwv ri wkh
v|vwhp1 Dprqj wkhvh/ wkh uhdo lqfrph yduldeoh lv ri vshfldo lpsruwdqfh1 Ehfdxvh/
wuhqg dgmxvwhg yhorflw| zdv UE lq wkh vhfrqg shulrg zlwk wkh frqvxphu sulfh
lqgh{ exw qrw zlwk wkh lpsolflw sulfh gh dwru/ zh kdyh ghflghg wr xvh wkh iruphu
yduldeoh dv d sur{| iru sulfhv lq wkh vxevhtxhqw prgho dqdo|vlv1
:1 Frlqwhjudwlrq dqdo|vhv lq d uhdo prqh| prgho
Ixuwkhu lqihuhqfh lq wkh UE2 prgho lv frpsolfdwhg e| wkh odfn ri dssursuldwh vriw0
zduh1 Wkhuhiruh/ wudqviruplqj wr wkh UE prgho lv suhihudeoh1 Xqghu dvvxpswlrq
ri orqj0uxq sulfh krprjhqhlw| wkh iroorzlqj wudqvirupdwlrq zrxog surgxfh UE
yduldeohv zlwkrxw orrvlqj dq| lqirupdwlrq=
%| ’ d6 Rc +c{Rc-6c -Ko +:14,
4<
Xqiruwxqdwho|/ wkh gdwd glg qrw vxssruw ryhudoo orqj0uxq krprjhqhlw|1 Pruhryhu/
wuhqg dgmxvwhg uhdo lqfrph zdv rqo| erughuolqh dffhswdeoh dv UE1 Dv uhsruwhg
lq Mxvholxv +4<<;d, xvlqj +:14, ohdgv wr d yhfwru huuru fruuhfwlrq prgho zlwk d ihz
idluo| odujh urrwv lq wkh fkdudfwhulvwlf sro|qrpldo1 Iru wkh uvw shulrg wkh odujhvw
urrw zdv 31;;/ zkhuhdv iru wkh vhfrqg shulrg lw zdv 31;51
Dowhuqdwlyho|/ wkh gdwd yhfwru frxog kdyh ehhq wudqviruphg dffruglqj wr= %| ’
d6 R +c{Rc{+c-6c -Ko Wklv vroxwlrq zdv dgrswhg lq d vlplodu dqdo|vlv edvhg
rq Vsdqlvk gdwd lq Mxvholxv dqg Wrur +4<<;, zkhuh wkh yhorflw| wudqvirupdwlrq
zdv vwurqjo| vxssruwhg e| wkh gdwd1 Wkh gudzedfn ri xvlqj wkh yhorflw| wudqviru0
pdwlrq lv wkdw wkh U7 2 ghpdqg suhvvxuh uhodwlrqvkls ri +616, fdqqrw eh surshuo|
dgguhvvhg1 Wkhuhiruh/ zh zloo frqwlqxh wkh dqdo|vlv edvhg rq wkh wudqviruphg
yhfwru +:14, lq vslwh ri wkh udwkhu odujh urrwv lq wkh fkdudfwhulvwlf sro|qrpldo1
Edvhg rq wkh uhdo prqh| gdwd yhfwru +:14, zh zloo wdnh d forvhu orrn dw wkh
wkhruhwlfdo uhodwlrqv ri wkh U7  u prgho glvfxvvhg lq vhfwlrq 61 Zh shuirup
d frpsdudwlyh dqdo|vlv ri frlqwhjudwlrq surshuwlhv ehwzhhq wkh wzr shulrgv zlwk
wkh sxusrvh ri xqfryhulqj fkdqjhv ri wkh djjuhjdwh ghpdqg iru prqh| uhodwlrq
+Vhfwlrq :14,/ ri lqwhuhvw udwhv dqg lq dwlrq uhodwlrqv +Vhfwlrq :15,/ dqg ri wkh U7
uhodwlrq +Vhfwlrq :16,1
Wkh k|srwkhvhv uhsruwhg lq Wdeoh :140:16 duh ri wkh irup q ’ iMc c 2j/ l1h1
wkh| whvw zkhwkhu d vlqjoh uhvwulfwhg uhodwlrq lv lq rREq ohdylqj wkh rwkhu wzr uhod0
wlrqv xquhvwulfwhg1 Hdfk k|srwkhvlv lv whvwhg iru erwk shulrgv1 Li wkh k|srwkhwlfdo
uhodwlrqv h{lvwv hpslulfdoo|/ wkhq wklv surfhgxuh zloo pd{lpl}h wkh fkdqfh ri qg0
lqj wkhp1 Iru d whfkqlfdo ghulydwlrq ri wkh whvw surfhgxuhv/ vhh Mrkdqvhq dqg
Mxvholxv +4<<5,1
:141 Frpsdulqj yhorflw| dqg uhdo lqfrph uhodwlrqv lq wkh wzr shulrgv
Lq Wdeoh :14 KS  KH whvwv k|srwkhvhv rq wkh prqh| yhorflw| uhodwlrq +614, dqg
Kb  K2 rq wkh uhdo lqfrph uhodwlrq +616,1 KS lpsrvhv wzr mxvw lghqwli|lqj
uhvwulfwlrqv rq q dqg/ khqfh/ wkhuh lv qr whvwlqj lqyroyhg1 Iru wkh uvw shulrg wkh
frh!flhqwv duh frqvlvwhqw zlwk d prqh| ghpdqg lqwhusuhwdwlrq zlwk vwurqj rzq
|lhog hhfwv dqg qhjdwlyh erqg udwh hhfwv1 Lq wkh vhfrqg shulrg/ wkh frh!flhqw
ri wkh vkruw lqwhuhvw udwh kdv ehfrph pxfk vpdoohu dqg wkh frh!flhqw ri wkh erqg
udwh lv hvvhqwldoo| }hur1 K. whvwv wkh vsuhdg dv d phdvxuh ri wkh rssruwxqlw| frvw
ri kroglqj prqh| uhodwlyh wr erqgv1 Lw lv rqo| zhdno| vxssruwhg lq erwk shulrgv1
KH lv d uhodwlrq ehwzhhq yhorflw| dqg lq dwlrq dqg lv dffhswhg lq erwk shulrgv1
Wkh hvwlpdwhg frh!flhqwv/ zklfk glhu frqvlghudeo| ehwzhhq wkh shulrgv/ vkrz
wkdw lq dwlrq dqg yhorflw| duh srvlwlyho| uhodwhg1 Khqfh/ KH fdqqrw eh lqwhusuhwhg
dv d ghpdqg iru prqh| uhodwlrq1
Wkh frh!flhqw hvwlpdwh ri uhdo lqwhuhvw udwh lq Kb lv qrw frqvlvwhqw zlwk wkh
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Wdeoh :14= Vshflfdwlrq ri yhorflw| dqg uhdo lqfrph uhodwlrqv
p0s | {T U6 UK wuhqg 
2Ev s1ydo1
Iluvw shulrg
KS 4 04 3 0631< 471< 31338 +3, 0
K. 4 04 3 04419 4419 31334 6195+4, 3139
KH 03138 3138 413 3 3 31333 51;7+5, 3157
Kb 3 413 613 0613 3 031337 9179+4, 3134
Kf 3 413 061; 3 3 03133; 81;3+4, 3135
K 3 413 3 519 0519 03133; 8194+4, 3135
K2 0317 413 3 51: 051: 031338 +3, 0
Vhfrqg shulrg
KS 413 0413 3 071:6 03135 031337 +3, 0
K. 413 0413 3 0318 318 031335 51:9+4, 3143
KH 0173 3173 413 3 3 31334 31<4+4, 3167
Kb 3 413 0913 913 3 031339 6198+4, 3139
Kf 3 413 0418 3 3 031339 817;+4, 3135
K 3 413 3 :13 0:13 031339 3189+4, 3178
U7 fxuyh lq wkh uvw shulrg/ lv sodxvleoh lq wkh vhfrqg shulrg exw zlwk d vpdoo
s0ydoxh1 Wkh vkruw0uxq Skloolsv fxuyh 2 ghpdqg suhvvxuh k|srwkhvlv Kf kdv
sodxvleoh frh!flhqwv/ exw lv uhmhfwhg lq erwk shulrgv1 Ilqdoo|/ K whvwv zkhwkhu
wuhqg0dgmxvwhg uhdo lqfrph lv frlqwhjudwhg zlwk wkh lqwhuhvw udwh vsuhdg1 Wklv
k|srwkhvlv lv vwurqjo| vxssruwhg e| wkh gdwd lq wkh vhfrqg shulrg/ exw qrw lq wkh
uvw1
Wkxv/ vshflfdwlrq +616, grhv qrw rewdlq pxfk vxssruw lq wkh uvw shulrg/
zkhuhdv wkh uhvxowv duh voljkwo| pruh surplvlqj lq wkh vhfrqg shulrg1 Zkhq
rxwsxw jds lv uhodwhg wr wkh lqwhuhvw udwh vsuhdg/ dv lq Kc lqvwhdg ri wkh uhdo
lqwhuhvw udwh/ dv lq Kbc wkh uhvxow lv pxfk pruh vdwlvidfwru| lq wkh vhfrqg shulrg/
zkhuhdv d vwdwlrqdu| uhodwlrq iru uhdo lqfrph lq wkh uvw shulrg rqo| zdv irxqg
e| lqfoxglqj uhdo prqh| dv vkrzq e| K2
Wkhvh duh lqwhuhvwlqj uhvxowv1 Lq wkh uvw shulrg/ zklfk frlqflghv zlwk wkh h{0
sdqvlrq ri wkh jryhuqphqw vhfwru dv dq lpsruwdqw sduw ri wkh Lwdoldq zhoiduh vwdwh/
wkh ghyhorsphqw ri uhdo djjuhjdwh lqfrph zdv srvlwlyho| uhodwhg wr uhdo prqh| h{0
sdqvlrq +fhqwudo edqn prqhwl}lqj jryhuqphqw ghew,/ qhjdwlyho| wr wkh vkruw0whup
udwh dqg srvlwlyho| wr wkh orqj0whup jryhuqphqw erqg udwh1 Wklv lv olnho| wr eh
d frqvhtxhqfh ri wkh h{sdqvlrq ri jryhuqphqw h{shqglwxuh ehlqj qdqfhg sduwo|
e| wkh lvvxlqj ri jryhuqphqw erqgv/ sduwo| e| prqhwl}lqj jryhuqphqw ghew1 Lq0
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fuhdvlqj wkh vxsso| ri jryhuqphqw erqgv lqfuhdvhv wkhlu |lhog/ khqfh wkh srvlwlyh
frh!flhqw1
Lq wkh vhfrqg shulrg wkh prqhwl}dwlrq hhfw lv qr orqjhu wkhuh1 Lqvwhdg/ wkh
lqwhuhvw udwh hhfw kdv lqfuhdvhg1 Wklv lv frqvlvwhqw zlwk jryhuqphqw ghew ehlqj
qdqfhg suhgrplqdqwo| e| lvvxlqj erqgv1
:151 Frpsdulqj lq dwlrq dqg lqwhuhvw udwh uhodwlrqv lq wkh wzr shulrgv
Lq wdeoh :15 zh uhsruw wkh frlqwhjudwlrq surshuwlhv ri lq dwlrq dqg lqwhuhvw udwhv
dv dq lqglfdwlrq ri krz wkh phfkdqlvpv +617, dqg +618, pd| kdyh fkdqjhg ryhu wkh
wzr shulrgv1 K whvwv iru frlqwhjudwlrq ehwzhhq lq dwlrq dqg wkh vkruw lqwhuhvw
udwh1 Lq wkh uvw shulrg lw fdq eh dffhswhg exw zlwk d zurqj vljq1 Lq wkh
vhfrqg shulrg frlqwhjudwlrq lv rqo| erughuolqh dffhswhg/ exw qrz zlwk d sodxvleoh
frh!flhqw forvh wr rqh1 Wkh vwdwlrqdulw| ri wkh uhdo vkruw0whup lqwhuhvw udwh/ Ke
lv fohduo| uhmhfwhg lq wkh uvw shulrg/ dqg zhdno| dffhswhg lq wkh vhfrqg1 Vlplodu
uhvxowv duh irxqg zkhq whvwlqj wkh vdph k|srwkhvhv iru wkh phglxp0whup erqg
udwh1 K. whvwv zkhwkhu wkh wzr lqwhuhvw udwhv duh frlqwhjudwhg1 Wkh k|srwkhvlv lv
uhmhfwhg lq erwk shulrgv/ exw lq wkh vhfrqg shulrg wkh PO hvwlpdwh lv txlwh forvh
wr wkh k|srwkhwlfdo plqxv rqh1 Zkhq whvwlqj wkh vwdwlrqdulw| ri wkh vsuhdg wkh
dgglwlrqdo ghjuhh ri iuhhgrp ohdgv wr zhdn dffhswdqfh lq wkh vhfrqg shulrg1
Dowrjhwkhu/ wkhuh lv olwwoh hylghqfh ri mxvw rqh frpprq wuhqg ehwzhhq wkh
lqwhuhvw udwhv dqg wkh lq dwlrq udwh frqvlvwhqw zlwk wkh UEf yhuvlrq ri +617, dqg
+618,1 Wkh qglqj ri wzr vwrfkdvwlf wuhqgv lv frqvlvwhqw zlwk rqo| rqh frlqwhjudwlrq
uhodwlrq ehwzhhq lq dwlrq dqg wkh wzr lqwhuhvw udwhv1 Wzr k|srwkhvhv duh ri vshfldo
lqwhuhvw= Kbc wkh fhqwudo edqn srolf| uxoh +615, dqg K2fc d krprjhqhrxv uhodwlrq
ehwzhhq lqwhuhvw udwhv dqg lq dwlrq1 Iru wkh uvw shulrg erwk wkh fhqwudo edqn
srolf| uxoh dqg wkh krprjhqhlw| ri wkh vkruw0whup lqwhuhvw udwh uhodwlyh wr lq dwlrq
dqg wkh phglxp0whup erqg udwh zhuh vwurqjo| dffhswhg1 Iru wkh vhfrqg shulrg
Kb vkrzv wkdw wkh vsuhdg grhv qrw frlqwhjudwh zlwk lq dwlrq dqg K2f zdv rqo|
zhdno| vxssruwhg1
Wkh rxwfrph ri Kb dqg K2f wrjhwkhu zlwk K dqg K2 lq wkh suhylrxv
vhfwlrq lv txlwh lqwhuhvwlqj= Wkh lqwhuhvw udwh vsuhdg lv vwurqjo| frlqwhjudwhg zlwk
lq dwlrq lq wkh uvw shulrg exw zlwk wkh rxwsxw jds lq wkh vhfrqg shulrg1 Ehfdxvh
rxwsxw jds dqg lq dwlrq gr qrw frlqwhjudwh/ wkh odwwhu uhvxow fdqqrw eh gluhfwo|
lqwhusuhwhg dv hylghqfh ri wkh hhfwlyhqhvv ri prqhwdu| srolf|1
Doo wklv vxjjhvwv txlwh lqwhuhvwlqj glhuhqfhv ehwzhhq wkh g|qdplf wudqvplv0
vlrq phfkdqlvpv lq wkh wzr shulrgv wr eh ixuwkhu lqyhvwljdwhg lq wkh qh{w vhfwlrq1
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Wdeoh :15= Frlqwhjudwlrq surshuwlhv ri lq dwlrq dqg lqwhuhvw udwhv
p0s | {T U6 UK wuhqg 
2Ev s1ydo1
Iluvw shulrg
K 3 3 413 31;6 3 3 71:5+5, 313<
Ke 3 3 413 0413 3 3 481<5+6, 3133
KD 3 3 413 3 316; 3 519;+5, 3159
KS 3 3 413 3 0413 3 49196+6, 3133
K. 3 3 3 413 03174 3 :1<<+5, 3135
KH 3 3 3 413 0413 3 4:149+6, 3133
Kb 3 3 413 0319: 319: 3 4196+5, 3177
K2f 3 3 03175 413 0318; 3 5178+5, 315<
Vhfrqg shulrg
K 3 3 413 04157 3 3 9197+5, 3137
Ke 3 3 413 0413 3 3 :1<6+6, 3138
Ke 3 3 413 3 04146 3 8145+6, 313;
KS 3 3 413 3 0413 3 914<+6, 3143
K. 3 3 3 413 031<5 3 91:5+5, 3136
KH 3 3 3 413 0413 3 91;9+6, 313;
Kb 3 3 313; 413 0413 3 9197+5, 3137
K2f 3 3 0319: 03166 413 3 81:;+5, 3139
;1 D lghqwlhg orqj0uxq vwuxfwxuh iru wkh wzr shulrgv
Lq wklv vhfwlrq zh glvfxvv glhuhqw vshflfdwlrqv ri wkh orqj0uxq vwuxfwxuh1 Wkh
k|srwkhvhv duh ri wkh irup qo ’ iMcM22cMjc zkhuh wkh ghvljq pdwulfhv
M lpsrvhv uhvwulfwlrqv rq hdfk frlqwhjudwlrq yhfwru vxfk wkdw d ixoo| lghqwlhg
vwuxfwxuh ri orqj0uxq uhodwlrqv lv rewdlqhg1 Wkh whvw ri ryhulghqwli|lqj uhvwulfwlrqv
lv edvhg rq wkh u- whvw surfhgxuh ghvfulehg lq Mrkdqvhq dqg Mxvholxv +4<<7, dqg
lv dv|pswrwlfdoo| glvwulexwhg dv 2Evc zkhuh v lv wkh qxpehu ri ryhulghqwli|lqj
uhvwulfwlrqv1 Zh suhvhqw dq lghqwlhg vwuxfwxuh ri orqj0uxq uhodwlrqv iru wkh uvw
shulrg lq Vhfwlrq ;14/ dqg iru wkh vhfrqg shulrg lq Vhfwlrq ;15/ dqg glvfxvv wkh
edvlf fkdqjhv wkdw kdyh wdnhq sodfh ryhu wkh ixoo vdpsoh shulrg lq Vhfwlrq ;161
;141 Wkh uvw shulrg 4<:7=404<;6=4
Lq Wdeoh ;14 zh uhsruw wzr dowhuqdwlyh vshflfdwlrqv ri wkh orqj0uxq vwuxfwxuh/
koq

oc iru wkh uvw shulrg1 Wkh uvw dowhuqdwlyh lpsrvhv wzr ryhulghqwli|lqj uh0
vwulfwlrqv zklfk duh dffhswhg zlwk d s0ydoxh ri 3177/ zkhuhdv wkh rwkhu lpsrvhv
wkuhh uhvwulfwlrqv dffhswhg zlwk d s0ydoxh ri 31681 Khqfh/ erwk uhvwulfwhg prghov
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fruuhvsrqg wr doprvw wkh vdph ydoxh ri wkh olnholkrrg ixqfwlrq dqg 	o ’ 	ko	q

o
lv doprvw lghqwlfdo wr wkh xquhvwulfwhg 	 lq erwk fdvhv1 Wkh odwwhu lv uhsruwhg lq
Wdeoh ;151
Vshflfdwlrq L frqwdlqv d prqh| ghpdqg uhodwlrq +614, zlwk sodxvleoh rssru0
wxqlw| frvw surshuwlhv/ d uhodwlrq ehwzhhq uhdo lqfrph/ uhdo prqh| vwrfn/ dqg
lq dwlrq/ dqg wkh prqhwdu| srolf| uxoh +615,1
Wkh prqh| ghpdqg uhodwlrq/ 	q

%|c lv grplqdwhg e| wkh rssruwxqlw| frvw ydul0
deohv/ dqg yhorflw| kdv lq idfw d idluo| vpdoo zhljkw dv fdq eh vhhq iurp wkh uvw
urz ri wkh  pdwul{= Qhlwkhu prqh| qru lqfrph hqwhuv zlwk vljqlfdqw frh!0
flhqwv1 Hfrqrphwulfdoo| wklv fdq eh h{sodlqhg e| wkh devhqfh ri orqj0uxq sulfh
krprjhqhlw| dqg wkh rgg ehkdylru ri wkh prqhwdu| djjuhjdwh lq wklv shulrg dv
douhdg| glvfxvvhg dw vrph ohqjwk lq vhfwlrq :1 Wkh frh!flhqw 	k vkrz wkdw uhdo
prqh| vwrfn lv vwurqjo| huuru0fruuhfwlqj wr wklv uhodwlrq/ 	k wkdw lq dwlrq udwh
jrhv xs zlwk h{fhvv prqh|/ dqg 	kD wkdw wkh phglxp0whup erqg udwh lqfuhdvhv
zlwk h{fhvv prqh| +wkh ghpdqg suhvvxuh hhfw,1
Wkh vhfrqg frlqwhjudwlrq uhodwlrq/ 	q

2%|c lv d uhodwlrq ehwzhhq uhdo lqfrph/
uhdo prqh|/ dqg lq dwlrq1 Wkh vwurqj srvlwlyh hpslulfdo uhodwlrqvkls ehwzhhq
uhdo lqfrph dqg uhdo prqh| zdv douhdg| ghprqvwudwhg lq KD lq wkh suhylrxv
vhfwlrq1 Wkh qhjdwlyh uhodwlrqvkls ehwzhhq uhdo lqfrph dqg lq dwlrq lv uhodwhg wr
wkh frlqwhjudwlrq uhvxowv ri 	q%| Lw vkrzv wkdw lq dwlrq dqg wkh vsuhdg hvvhqwldoo|
frqwdlqv wkh vdph vwrfkdvwlf wuhqg dqg/ wkhuhiruh/ fdq eh lqwhufkdqjhg dv zloo eh
ghprqvwudwhg lq Vshflfdwlrq LL1 Wkh dgmxvwphqw frh!flhqw 	k22 vkrzv wkdw uhdo
lqfrph lv vljqlfdqwo| huuru0fruuhfwlqj wr wklv uhodwlrq/ zkhuhdv 	k2 vkrzv wkdw
prqh| vwrfn lv dhfwhg exw qrw huuru0fruuhfwlqj1 Wklv frqupv djdlq wkh sx}}olqj
ehkdylru ri prqh| vwrfn lq wklv shulrg dqg vxssruwv wkh lqwhusuhwdwlrq ri 	q

2%| dv
d uhdo lqfrph uhodwlrq1 Lq dgglwlrq 	k2 dqg 	kD2 vkrzv wkdw erwk lq dwlrq dqg wkh
phglxp0whup erqg udwh dgmxvwv srvlwlyho|1 Wklv vhhpv d sulrul sodxvleoh/ ehfdxvh
h{sdqvlrq ri jryhuqphqw h{shqglwxuh e| lvvxlqj qhz erqgv dqg e| prqhwl}lqj
vkrxog lqfuhdvh erwk wkh |lhog ri orqj0whup jryhuqphqw erqgv dqg lq dwlrq1
Wkh wklug uhodwlrq/ 	q

%|c ghvfulehv wkh fhqwudo edqn srolf| uxoh +615, dv d
uhodwlrq ehwzhhq lq dwlrq dqg wkh lqwhuhvw vsuhdg1 Wkh qhjdwlyh frh!flhqw 	k2
vkrzv wkdw qduurzlqj wkh vsuhdg uhodwlyh wr lq dwlrq +frqwudfwlrqdu| prqhwdu|
srolf|, kdv d qhjdwlyh hhfw rq C( jurzwk1 Wkh frh!flhqw 	k vkrzv wkdw
lq dwlrq lv huuru0fruuhfwlqj/ l1h1 lq dwlrq dgmxvwv wr fkdqjhv lq wkh lqwhuhvw udwh
vsuhdg1 Ilqdoo|/ erwk wkh orqj0whup dqg wkh vkruw0whup lqwhuhvw udwh duh huuru0
fruuhfwlqj wr wklv uhodwlrq1
Vshflfdwlrq LL whoov hvvhqwldoo| wkh vdph vwru| exw iurp d voljkwo| glhuhqw
shuvshfwlyh1 Lqvwhdg ri d prqh| ghpdqg uhodwlrq zh qrz kdyh d uhodwlrq ghvfule0
lqj lq dwlrq dgmxvwlqj wr h{fhvv yhorflw|1 Prqh| vwrfn dqg lq dwlrq duh erwk
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Wdeoh ;14= Wzr dowhuqdwlyh orqj0uxq vwuxfwxuhv= 4<:7=404<;6=4
6 R + {R -6 -K |oe?_
Dowhuqdwlyh vshflfdwlrq L
q 413 0413 3 0631: 4813 31338
+914,W +713, +518,
q2 0317 413 818 3 3 031338
+4616, +914, +431,
q 3 3 0418 413 0413
+:18,
k k2 k
p0s 0314: +071:, 03175 +0517, 031:: +031<,
| 3135 +415, 03159 +617, 031:; +0514,
{T 3144 +813, 3169 +617, 5133 +61<,
U6 3133 +319, 03134 +041:, 03143 +0516,
-K 3134 +519, 313; +713, 3168 +619,
Dowhuqdwlyh vshflfdwlrq LL
q 0313< 313< 413 3 3 31333
+813, +813, +,
q2 0318 413 3 716 0716 031338
+4513, +:14, +:14, +,
q 3 3 0317 413 0319 3
+91:, +4314,
k k2 k
Ep0s, 5198 +061:, 0318; +0613, ;139 +919,
| 0313; +316, 03164 +0619, 314: +316,
{R 05153 +815, 3173 +618, 051<5 +0714,
-6 3135 +031:, 03134 +0419, 03143 +041;,
-K 03156 +51;, 313< +61<, 03167 +0518,
-, dssur{lpdwh w0ydoxhv duh jlyhq lq sduhwkhvhv
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Wdeoh ;15= Wkh hvwlpdwh ri wkh xquhvwulfwhg Z= 4<:7=404<;6=4
6 R + {R -6 -K |oe?_
{Ep0s, 03133 03157 04148 719: 041;< 31334
+0313, +0419, +0519, +71<, +051:, +418,
{+ 3146 0315; 03157 0416: 413< 31335
+715, +0619, +0413, +051<, +71:, +61<,
{2R 03137 3158 04137 04178 03164 031334
+0413, +519, +061<, +0518, +031:, +519,
{-6 3133: 031348 313: 03146 3144 031333
+517, +0513, +614, +051:, +616, +513,
{-K 031355 3139; 03143 3135 0314< 031333
+0615, +61;, +0514, +315, +0517, +061;,
Dssur{lpdwh w0ydoxhv duh jlyhq lq sduhwkhvhv
vljqlfdqwo| huuru0fruuhfwlqj/ zkhuhdv erqg udwh lqfuhdvhv zlwk h{fhvv yhorflw|1
Wkh vhfrqg uhodwlrq lv vlplodu wr 	q

2%| lq Vshflfdwlrq L exw uhodwhv uhdo lqfrph
dqg uhdo prqh| wr wkh lqwhuhvw vsuhdg lqvwhdg ri lq dwlrq1 Wkh dgmxvwphqw frhi0
flhqwv duh vlplodu wr vshflfdwlrq L1 Wkh wklug uhodwlrq ghvfulehv d krprjhqhrxv
uhodwlrq ehwzhhq wkh vkruw0whup lqwhuhvw udwh dqg wkh phglxp0whup erqg udwh
dqg lq dwlrq lqvwhdg ri wkh grphvwlf prqhwdu| srolf| uxoh lq Vshflfdwlrq L1 Lw
lv vwurqjo| vljqlfdqw lq wkh prqh| vwrfn htxdwlrq/ zkhuh lw hvvhqwldoo| ghvfulehv
wkh rssruwxqlw| frvw ri kroglqj prqh|1 Lq dwlrq lv vwurqjo| huuru0fruuhfwlqj wr
wklv uhodwlrq dv lv wkh phglxp0whup erqg udwh/ zkhuhdv wkh vkruw0whup udwh lv rqo|
zhdno| dgmxvwlqj1
Vshflfdwlrq L jlyhv wkh k|srwkhwlfdo prqhwdu| uhodwlrqv +614, dqg +615, dv
pxfk hpslulfdo vfrsh dv srvvleoh/ exw dw wkh sulfh ri rewdlqlqj dq lqfrph uhodwlrq
zklfk lv qrw gluhfwo| lqwhusuhwdeoh1 Vshflfdwlrq LL/ e| uhod{lqj wkh wkhruhwlfdo
uhvwulfwlrqv wr vrph h{whqw/ whoov d pruh lqwhuhvwlqj hpslulfdo vwru|1 Erwk vshfl0
fdwlrqv kdyh wkhlu phulwv/ exw lq whupv ri ryhudoo hpslulfdo frqvlvwhqf| zh suhihu
vshflfdwlrq LL1 Xqohvv rwkhuzlvh vwdwhg/ zh zloo uhodwh wr wklv dv wkh lghqwlhg
vwuxfwxuh ri wkh uvw shulrg1
;151 Wkh vhfrqg shulrg= 4<;6=404<<7=7
Lq Wdeoh ;16 zh kdyh uhsruwhg d ixoo| vshflhg orqj0uxq vwuxfwxuh iru wkh vhfrqg
shulrg1 Wkh wzr ryhulghqwli|lqj uhvwulfwlrqv zhuh fohduo| dffhswdeoh edvhg rq d
whvw vwdwlvwlf ri 318: +s0ydoxh 31:8, dv|pswrwlfdoo| glvwulexwhg dv 2E2
Wkh uvw uhodwlrq/ 	q

%|c ghvfulehv yhorflw| uhodwlyh wr wkh vkruw0whup lqwhuhvw
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udwh1 Frqvlvwhqw zlwk wkh uhvxowv ri Wdeoh :14 dq| dwwhpsw wr rewdlq d vljqlfdqw
hhfw iru wkh phglxp0whup erqg udwh idlohg1 Wkhuhiruh/ wkh uhodwlrq fdqqrw eh
jlyhq d vwudljkwiruzdug lqwhusuhwdwlrq dv d prqh| ghpdqg uhodwlrq1 Dq lqvshfwlrq
ri wkh fruuhvsrqglqj dgmxvwphqw frh!flhqwv vkrzv wkdw uhdo prqh| vwrfn lv huuru0
fruuhfwlqj wr wklv uhodwlrq/ exw qrw vljqlfdqwo|1 Lq dwlrq udwh lv srvlwlyho| uhodwhg/
lpso|lqj wkdw h{fhvv prqh| whqgv wr eh lq dwlrqdu|1 Wkh dgmxvwphqw frh!flhqw
lq wkh vkruw0whup lqwhuhvw udwh htxdwlrq lv qhjdwlyh/ l1h1 wkh vkruw0whup lqwhuhvw
udwh whqgv wr idoo zlwk h{fhvv oltxlglw|/ zkhuhdv wkh rssrvlwh lv wkh fdvh zlwk wkh
phglxp0whup erqg udwh1 Wkh odwwhu fdq eh frqvlvwhqw zlwk orqj0whup lq dwlrqdu|
h{shfwdwlrqv dv d uhvxow ri prqhwdu| h{sdqvlrq1
Wkh vhfrqg uhodwlrq/ 	q

2%|c fruuhvsrqgv wr K dqg zdv douhdg| glvfxvvhg dw
ohqjwk lq Vhfwlrq :141 Wkh dgmxvwphqw frh!flhqwv vkrz wkdw uhdo lqfrph lv huuru0
fruuhfwlqj/ l1h1 d zlghqlqj ri wkh vsuhdg zloo kdyh frqwudfwlrqdu| hhfwv rq uhdo
jurzwk1 Wkh dgmxvwphqw frh!flhqw lq wkh lq dwlrq htxdwlrq lv srvlwlyh/ l1h1 lq d0
wlrq lv srvlwlyho| uhodwhg wr wkh rxwsxw jds dqg wkh vsuhdg1
Wkh wklug uhodwlrq/ 	q

%|c ghvfulehv hvvhqwldoo| wkh phglxp0whup erqg udwh dqg
lwv uhodwlrq wr grphvwlf lq dwlrq dqg wkh rxwsxw jds1 Wkh dgmxvwphqw frh!0
flhqwv vkrz/ krzhyhu/ wkdw wkh erqg udwh lv qrw vljqlfdqwo| huuru0fruuhfwlqj wr
wklv uhodwlrq/ dqg wkdw erwk uhdo lqfrph dqg lq dwlrq duh qhjdwlyho| dhfwhg e|
h{fhvv lqfuhdvhv lq wkh phglxp0whup erqg udwh1 Ehfdxvh fdslwdo pdunhwv duh
pxfk pruh lqwhjudwhg lq wklv shulrg/ d sodxvleoh vwhdg|0vwdwh uhodwlrq iru wkh Lwdo0
ldq phglxp0whup erqg udwh vkrxog dovr lqfoxgh wkh fruuhvsrqglqj iruhljq udwh1
Vlqfh wklv lv qrw sduw ri wkh suhvhqw lqirupdwlrq vhw/ wkh wklug uhodwlrq vkrxog qrw
eh lqwhusuhwhg dv d vwhdg|0vwdwh uhodwlrq iru wkh erqg udwh +frqvlvwhqw zlwk wkh
lqvljqlfdqw huuru0fruuhfwlrq frh!flhqw,1 Lqvwhdg lw jlyhv vrph hpslulfdo hylghqfh
ri d grphvwlf ulvn suhplxp iru wkh Lwdoldq erqg udwh dv phdvxuhg e| wkh ohyho
ri grphvwlf lq dwlrq dqg rxwsxw jds1 Vlplodu uhvxowv duh uhsruwhg lq Nqrw +4<<;,1
<1 Fkdqjhv lq prqhwdu| wudqvplvvlrq phfkdqlvpv= Vxp0
pdu| dqg frqfoxvlrqv1
Wkh dlp ri wklv hpslulfdo vwxg| zdv wr xqfryhu pdmru fkdqjhv lq Lwdoldq prqhwdu|
wudqvplvvlrq phfkdqlvpv dvvrfldwhg zlwk wkh fkdqjh lq fhqwudo edqn lqghshqghqfh
dqg wkh lqfuhdvhg hfrqrplf lqwhjudwlrq zlwklq Hxursh1 Wkh dssurdfk zdv wr vsolw
wkh vdpsoh lqwr wzr shulrgv wkdw dssur{lpdwho| frlqflghg zlwk wkhvh wzr uhjlphv
dqg fduu| rxw d ghwdlohg YDU dqdo|vlv ri erwk shulrgv dqg wkhq frpsduh wkh
uhvxowv1 Wzr uhodwhg lvvxhv kdg wr eh dgguhvvhg ehiruh wkh dfwxdo dqdo|vlv frxog
eh shuiruphg= +4, wkh devhqfh ri ryhudoo orqj0uxq sulfh krprjhqhlw| dqg +5, wkh
vhqvlwlylw| ri wkh orqj0uxq uhvxowv wr wkh fkrlfh ri sulfh yduldeoh1
5:
Wdeoh ;16= Dq lghqwlhg orqj0uxq vwuxfwxuh= 4<;61404<<7=7
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5;
Wr vwxg| wkh lpsdfw ri glhuhqw phdvxuhphqwv ri wkh sulfh yduldeoh rq wkh
frlqwhjudwlrq uhvxowv/ d vhqvlwlylw| dqdo|vlv zdv shuiruphg edvhg rq wkh fkrlfh
ri hlwkhu wkh U lqgh{ ru wkh lpsolflw sulfh gh dwru ri C( Dowkrxjk wkh
fkrlfh glg pdwwhu/ lw xqiruwxqdwho| glg qrw vroyh wkh sureohp ri qr orqj0uxq sulfh
krprjhqhlw|1 E| xvlqj wkh UE2 prgho wr dqdo|}h krz qrplqdo prqh| dqg sulfhv
zhuh uhodwhg ehwzhhq wkhpvhoyhv dqg uhodwlyh wr uhdo djjuhjdwh lqfrph zh ohduqhg
derxw lwv lpsolfdwlrqv iru wkh hfrqrphwulf dqdo|vlv ri wkh uhdo prqh| prgho1
Edvhg rq wkh hpslulfdo dqdo|vhv lq wkh qrplqdo dqg uhdo prqh| prghov zh
irxqg wkh iroorzlqj pdmru fkdqjhv lq wkh frlqwhjudwlrq dqg g|qdplf dgmxvwphqw
surshuwlhv ehwzhhq wkh wzr shulrgv=
Prqh| vwrfn= Lw zdv gl!fxow wr qg frqylqflqj hylghqfh ri d sodxvleoh prqh|
ghpdqg uhodwlrq lq erwk shulrgv1 Lq wkh uvw shulrg wkh sureohp vhhphg wr rulj0
lqdwh iurp uhdo prqh| jurzlqj d orw idvwhu wkdq uhdo lqfrph1 Lq wkh pruh uhfhqw
shulrg wkh lqvljqlfdqw hhfw rq prqh| kroglqjv iurp fkdqjhv lq wkh dowhuqdwlyh
frvw ri kroglqj prqh| uhodwlyh wr erqgv zdv wkh sureohp1
Lq wkh uvw shulrg yhorflw| zdv hvvhqwldoo| UE2 dqg/ khqfh/ frxog qrw frlqwh0
judwh zlwk wkh rssruwxqlw| frvw ri kroglqj prqh|1 Wkh uhdvrqv iru wkh glyhujhqw
jurzwk sdwkv ri prqh| dqg lqfrph duh kdug wr h{sodlq1 Rqh srvvlelolw|/ vxssruwhg
e| wkh uhvxowv lq Jhqqdul +4<<;,/ lv wkdw qdqfldo lqqrydwlrqv sod|hg d vxevwdqwldo
uroh lq wklv shulrg/ fdxvlqj d vkliw lq yhorflw| qrw hdvlo| prghohg e| d olqhdu wuhqg1
Dqrwkhu srvvlelolw| lv wkh lqdffxudf| ri wkh JGS phdvxuhphqwv lq Lwdo| ehfdxvh
ri suhvhqfh ri wkh lqirupdo hfrqrp|1
Lq wkh vhfrqg shulrg wkh odfn ri hpslulfdo vxssruw iru d vwdeoh prqh| ghpdqg
uhodwlrq fdq srvvleo| eh h{sodlqhg e| wkh lqfuhdvhg fhqwudo edqn lqghshqghqfh1
Djhqwv* ghpdqg iru prqh| frxog lq sulqflsoh kdyh hhfwlyho| ehhq uhvwulfwhg e|
wkh fhqwudo edqn srolf| ghflvlrqv1 Wkhuh duh dujxphqwv lq idyru ri wklv k|srwkhvlv=
Wkh odvw uhvwulfwlrqv rq fdslwdo pryhphqwv zhuh derolvkhg dv odwh dv 4<<31 Lwdo|
pdlqwdlqhg wkh eurdg 9( edqgv ri wkh HUP xqwlo 4<<4 dqg wkh olud zdv hvvhqwldoo|
 rdwlqj diwhu Lwdo| ohiw wkh HUP lq 4<<51 Rq wkh rwkhu kdqg Vduflqhool +4<<8,
dujxhv wkdw wkh fhqwudo edqn shuirupdqfh glg qrw vljqlfdqwo| lpsuryh lq wklv
shulrg lq whupv ri dfwxdo yhuvxv wdujhwhg prqh| vxsso|/ zklfk lv djdlqvw wklv
k|srwkhvlv1
Uhdo djjuhjdwh lqfrph= Wkh uhvxowv uhjduglqj wkh fkdqjhv lq wkh phfkdqlvpv
ghwhuplqlqj uhdo djjuhjdwh lqfrph zhuh txlwh lqwhuhvwlqj1 Frpsdulqj wkh hvwl0
pdwhv ri wkh lqfrph uhodwlrq/ q2%|c vkrzv wzr pdlq glhuhqfhv= +4, wkh vwurqj
uhdo prqh| hhfw lq wkh uvw shulrg frpsduhg wr qr hhfw lq wkh vhfrqg shulrg>
+5, wkh lqfuhdvhg lqwhuhvw udwh vhqvlwlylw| lq wkh vhfrqg shulrg1
Wkh uhdo prqh| hhfw lv hpslulfdoo| lqwhuhvwlqj dw wkh edfnjurxqg ri wkh vwurqj
wlhv ehwzhhq wkh Edqn ri Lwdo| dqg wkh Wuhdvxu| lq wkh uvw shulrg1 Lw vxjjhvwv wkdw
prqhwdu| h{sdqvlrq glg surgxfh uhdo jurzwk lqvwhdg ri sulfh lqfuhdvhv dv wkhru|
5<
zrxog suhglfw1 Wkh qrplqdo dqdo|vlv lq vhfwlrq 9 vxssruwhg wklv lqwhusuhwdwlrq1
Qhyhuwkhohvv/ h{sdqvlrq ri djjuhjdwh ghpdqg lq wklv shulrg kdg dovr wr vrph
h{whqw lq dwlrqdu| hhfwv1
Wkh lqwhuhvw udwh hhfw rq uhdo djjuhjdwh lqfrph vkrzv wkdw fkdqjhv lq wkh
vsuhdg/ l1h1 lqfuhdvhv lq wkh vkruw0whup udwh uhodwlyh wr wkh orqj0whup udwh kdyh
kdg frqwudfwlrqdu| hhfwv rq uhdo dfwlylw| dqg pruh vr lq wkh vhfrqg shulrg1
Dowrjhwkhu/ wkh prqhwdu| hhfwv rq uhdo lqfrph kdyh ehhq txlwh glhuhqw lq
wkh wzr shulrgv zlwk vwurqj srvlwlyh hhfwv iurp uhdo prqh| h{sdqvlrq lq wkh uvw
shulrg dqg vwurqj lqwhuhvw udwh hhfwv lq wkh vhfrqg shulrg1
Lq dwlrq= Wkh uvw wzr uhodwlrqv ghvfulelqj h{fhvv prqh| dqg h{fhvv djjuhjdwh
ghpdqg +dowkrxjk edvhg rq vrphzkdw glhuhqw vshflfdwlrqv, kdyh srvlwlyh dqg
vlplodu hhfwv rq lq dwlrq lq erwk shulrgv1 Wklv ghprqvwudwhv wkdw lqghshqghqwo|
ri wkh uhjlph wkh h{fhvv ghpdqg hhfw kdv ehhq lq dwlrqdu|/ doehlw prqhwdu|
h{sdqvlrq fdxvhg e| wkh prqhwl}dwlrq ri jryhuqphqw ghew kdv dovr surgxfhg uhdo
hhfwv/ sduwlfxoduo| lq wkh uvw shulrg1 Qrw vxusulvlqjo|/ wkh vkruw0uxq lqwhuhvw
udwh hhfw rq lq dwlrq lv ohvv fohdu0fxw1 Wklv lv suredeo| vr ehfdxvh wkh wlph
odj ehiruh lq dwlrq lv dhfwhg e| d fkdqjh lq fhqwudo edqn lqwhuhvw udwh fdq eh
dvvxphg orqj dqg ydu|lqj1
Wkh lqwhuhvw udwhv= Wkh phfkdqlvpv ehklqg wkh ghwhuplqdwlrq ri wkh vkruw0
whup dqg phglxp0whup lqwhuhvw udwhv kdyh fohduo| fkdqjhg lq wklv shulrg1 Wkh
ghpdqg hhfw ri lvvxlqj erqgv wr qdqfh jryhuqphqw h{shqglwxuh kdv dv h{shfwhg
lqfuhdvhg wkh erqg udwh dqg wklv hhfw ehfdph pruh surqrxqfhg lq wkh vhfrqg
shulrg1 Lq wkh uvw shulrg wkhuh zdv vrph hylghqfh ri wkh oltxlglw| hhfw rq
wkh vkruw udwh dqg lq wkh vhfrqg shulrg wkh erqg udwh vhhphg dhfwhg e| d ulvn
suhplxp1 Lq wkh uvw shulrg wkhuh zdv olwwoh hylghqfh ri frqyhujhqfh ehwzhhq wkh
vkruw dqg wkh phglxp orqj lqwhuhvw udwh zkhuhdv lq wkh vhfrqg shulrg zlwk d pruh
h!flhqw fdslwdo pdunhw wkhuh zdv pruh frqyhujhqfh1
Wr frqfoxgh= Wkh hhfw ri h{fhvv prqh| rq grphvwlf sulfh lq dwlrq vhhphg
txlwh prghvw lq erwk shulrgv/ exw sduwlfxoduo| vr lq wkh uvw shulrg1 Wkh dffrp0
prgdwlyh prqhwdu| srolf| ri Lwdoldq fhqwudo edqn lq wkh uvw shulrg/ exw dovr wr
vrph h{whqw lq wkh vhfrqg shulrg/ vhhphg wr kdyh idflolwdwhg uhdo jurzwk dw ohdvw
lq wkh phglxp0orqj uxq1 Wkh hhfw ri wkh vkruw lqwhuhvw udwh vhhphg pruh lp0
sruwdqw wkdq h{fhvv prqh|/ exw lwv g|qdplf wudqvplvvlrq hhfw rq sulfh lq dwlrq
zdv qrw fohdu0fxw1 Dowrjhwkhu/ lw vhhpv sodxvleoh wkdw wkh Lwdoldq sulfhv kdyh ehhq
pruh dhfwhg e| rwkhu wkdq prqhwdu| idfwruv/ iru lqvwdqfh e| grphvwlf zdjh dqg
iruhljq sulfh ghwhuplqdwlrq1
Wkhvh frqfoxvlrqv duh vlplodu wr Mxvholxv +4<<9/ 4<<;e, edvhg rq vlplodu gdwd
vhwv dqg wr Khqgu| +4<<;, edvhg rq fhqwxu|0orqj gdwd iru XN1
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Mxvholxv/ N1 +4<<9,/ Dq hpslulfdo dqdo|vlv ri wkh fkdqjlqj uroh ri wkh Jhupdq
Exqghvedqn diwhu 4<;6 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 8;/ :<40;4<1
Mxvholxv/ N +4<<;d,/ Fkdqjlqj prqhwdu| wudqvplvvlrq phfkdqlvpv zlwklq wkh
HX/ Hpslulfdo Hfrqrplfv/ 56/ 78807;41
Mxvholxv/ N +4<<;e,/ D vwuxfwxuhg YDU xqghu fkdqjlqj prqhwdu| srolf|/ Mrxu0
qdo ri Exvlqhvv dqg Hfrqrplfv Vwdwlvwlfv1
Mxvholxv/ N +4<<;f,/ Sulfh frqyhujhqfh lq wkh orqj uxq dqg wkh phglxp uxq1
Dq L+5, dqdo|vlv ri vl{ sulfh lqglfhv1 Iruwkfrplqj lq +hg1, U1 Hqjoh dqg K1 Zklwh
Ihvwvfkuliw wr wkh krqrxu ri Folyh Judqjhu1
Mxvholxv/ N +4<<;g,/ Prghov dqg Uhodwlrqv lq Hfrqrplfv dqg Hfrqrphwulfv/
Iruwkfrplqj lq +hg1, Edfnkrxvh U1 Wkhru| dqg Hylghqfh lq Pdfurhfrqrplfv/
R{irug Xqlyhuvlw| Suhvv1
Mxvholxv/ N1 dqg Pdufhoolqr/ P1 +4<<;,/ Prgholqj wkh SSS dqg wkh XLS eh0
wzhhq Lwdo| dqg Jhupdq|1 Xqsxeolvkhg uhsruw/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh/
Ioruhqfh/ Lwdo|1
Mxvholxv/ N1 dqg Wrur/ M +4<<;,/ Wkh hhfw ri mrlqlqj wkh HPV= Prqhwdu|
Wudqvplvvlrq phfkdqlvpv lq Vsdlq1 Xqsxeolvkhg uhsruw/ Hxurshdq Xqlyhuvlw|
Lqvwlwxwh/ Ioruhqfh/ Lwdo|1
Mßujhqvhq/ F1 +4<<;,/ D vlpxodwlrq vwxg| ri whvwv lq wkh frlqwhjudwhg YDU
prgho/ Xqsxeolvkhg uhsruw/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq1
Nhqhq/ S1E1 +4<<8,/ Hfrqrplf dqg prqhwdu| xqlrq lq Hxursh/ Fdpeulgjh
Xqlyhuvlw| Suhvv1
Nqrw/ N1K1Z1 +4<<;,/ Wkh ixqgdphqwdo ghwhuplqdqwv ri lqwhuhvw udwh glhuhq0
wldov lq wkh HUP/ Dssolhg Hfrqrplfv/ 63/ 49804:91
Odlgohu/ G1H1Z1 +4<;8,/ Wkh ghpdqg iru prqh|1 Wkhrulhv dqg hylghqfh/
Kdushu dqg Urz1 Qhz \run1
Pdufhoolqr/ P1 dqg Pl}rq/ J1H1 +4<<;,/ Zdjhv/ sulfhv/ surgxfwlylw|/ dqg xq0
hpsro|phqw lq Lwdo|/ 4<:304<<81 Xqsxeolvkhg uhsruw/ Hxurshdq Xqlyhuvlw| Lqvwl0
wxwh/ Ioruhqfh/ Lwdo|1
Phwlq/ N1 +4<<8,1 Dq lqwhjudwhg dqdo|vlv ri Wxunlvk lq dwlrq1 R{irug Exoohwlq
ri Hfrqrplfv dqg Vwdwlvwlfv/ 8:/ 84608641
Sduxror/ S1 +4<<9,/ Rq wkh ghwhuplqdwlrq ri lqwhjudwlrq lqglfhv lq UE2 v|vwhpv/
Mrxuqdo ri Hfrqrphwulfv/ :5/ 64606891
Sdvvdfdqwdqgr/ I1 +4<<9,/ Exloglqj dqg lqvwlwxwlrqdo iudphzrun iru prqhwdu|
vwdelolw|= wkh fdvh ri Lwdo| +4<:<04<<7,/ EQO Txduwhuo| Uhylhz/ Qr1 4<9/ ;604641
Udkehn/ D1/ Nrqjvwhg/ K1 F1 dqg Mßujhqvhq +4<<<,/ Wuhqg0Vwdwlrqdulw| lq wkh
L+5, Frlqwhjudwlrq Prgho/ iruwkfrplqj lq Mrxuqdo ri Hfrqrphwulfv1
Vduflqhool/ P1 +4<<8,/ Lwdoldq prqhwdu| srolf| lq wkh ;3v dqg <3v= wkh uhylvlrq
ri wkh prgxv rshudqgl/ EQO Txduwhuo| Uhylhz/ Qr1 4<8/ 6<:07541
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431 Dsshqgl{
Wkh ghqlwlrq ri wkh gdwd=
Yduldeoh Gdwd ghvfulswlrq Vrxufh
6
Prqh| vxsso| P5 ghqlwlrq1 Qrq sxeolf vhfwru


















Erqg |lhog1 Fuhglw Lqvwlwxwlrqv1
Qhw ri wd{hv1
Edqn ri Lwdo|
